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If P' bo brought upon the section in question, the wheel P removing to the left, we shell have 
M' = y [Q(f — *)+P<| — P* 

PJ 

Tho first equation will give a greater valuo than tho second so long as x is ■< — ; beyond 

thiB limit we must take the second equation. 

These two equations represent two parabolas A C E, B F E, Fig. 157G, of the same parameter 
~ , and having their axes vertical. But if the left wheel P be heavier than tho right wheel P, 

the parabola ACE produced by bring- 15 . 4 

ing the wheel P on the point tho J ‘ /; f 

abscissa of which is x, will descend /' ! | 

lower than tho other. Now, when the / | ^ 

vehicle returns in the opposito direc- _ / ! *a 

tion, we shall reproduce symmetrically oi=(p+.!^)£- / ; , 

the two parabolas, and then it will 1 st ^ *| B | 

the curve ACE and its symmetrical x \ 

which will furnish tho greatest ordi- . . ' \ ! 

nates, so that we Bhall have to lay 5 ■•►p- ,/ Ss 

aside the second equation. j \ \ * | 

We must observe again that the ! '^q; ♦ l*** ' ’ 

©ouation of the parnltolas supposes both i 

wheels always acting, even when one / I ' 

of them has {Missed l>eyond the support, ' * 

in which case it will rest no longer upon 

the bearing, but upon the support. As tho girder is supposed to terminate at the snpport when 
one of the wheels has passed bevond it, tho curve is no longer applicable : we must in that caso 
consider the paralxda A C F B <luo to a single wheel towards tho middle of the bearing. It is 
applicable only when tho common distance d of the wheels exceeds half the bearing ; and sui»- 
posing this condition fulfilled we obtain tho various values numbered on the figure. 

If with a certain section the girder offers an insufficient moment of resistance ,«* in tho parts 
subject to tho greatest strain, it will be necessary to strengthen the flanges throughout a length 

i (Fd+V (Q/ — j/d) a — 4 Q//i), on tho condition that this value be greater than 2d — 


at tho abscissa - 


. / 1*/^ “ 4 / m 

In the contrary case, tho theoretical length of tho strengthening will be V — . 

10. When tho two wheels of tho vehicle are equal to each other tho maximum moment occurs 

A4l . v . 2P(2 l-d) + pl* . [2P(2 /-rf) + p/*p 

at tho abacmaa i ~ iV + pl) and .ta valuo » + * 

11. Moments of Eupture due to Three Wheel *. — Let P, F P" represent the weights of tho threo 
wheels moving from left to right, and d, d' their common distanciw. 

There are three geometrical figures of the moments of rupture to be considered during tho 
passage of tho vehicle, and each of these figures is com {* wed of three parabolical ares, the equations 
changing when one or two of the wheels jiass beyond tho bearing. 


1. Figure of the Moments obtained by bringing F' upon the Variable Section considered. 
Making P + P + ^ = Q,P + P' = Q', and P + P + P" + ^ = Q'\ 

From x = 0 to x = d\ P" acts alone and gives M = ~ (/ — x) ^F' + : 

From x = iftox = d-fd'we have M = y ( Q' (/ — x) + P d' j — P <f ; 

From x = d + d' to x = /. M = —~j— { Q" x — (P + P r ) d* — P d } . 

2. Figure of the Moments obtained by bringing P upon the Section. 

From x = 0 to x = d, we have M = - { Q' (/ — x) — P" d* J ; 

From x = d to x = / - <f, M = | ( Q" (/ - x) + V d - F' <f } - P d; 

From x = / — d* to x = /, M = j { Q (/ — x) -f- P d } — P d. 

3. Figure of the Moments (Attained by bringing P upon the Section. 

From x = 0 to x = / - d - <T, M = ^ { Q" (/ - x) - (P + F') d — P" d’ } ; 

From x = l — d — d’ to x = / — d, M = j { Q (/ — x) — P d } ; 

Fromr = f-«fto * = /,M = i (<_*)(p + -tfj. 

3 n 
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Tho parameter of each parabola is the reciprocal quantity of the mean load per lineal mitre, 
reckoning only the half of the uniformly distributed load p. 

Having constructed these three geometrical figures, we have to consider each of them only in 
that portion in which it gives ordinates greater than the others ; and ns the vehicle may be brought 
bock in the other direction, we can reproduce symmetrically the maxima curves, which will always 
eliminate, if not already eliminated, tho cases of a single wheel expressed by the first and last of 
the nine cquntions given above. 

12. Tho following particular case deserves notice. If the vehicle be turned so that 

it will bo sufficient to consider the first half of the girder. Again, if / — rf— tf exceeds each of the 
quantities and we must consider only the seventh and fifth of the nine equations, 

1 * I 

the seventh between the abscissieO and — and the fifth between the latter abscissa 

and the middlo of the girder. A girder, the simple section of which has a moment of resistance p 
inferior to the maximum moment of rupture, should be strengthened throughout ft length expressed 


by 


P”(tf-f <f) + P'<f 


+ — / — P"(<i + <f)«-*P'd} t — 4Q//s on the condition that this 



Q" Q" 

P' 4- p” — |> 

length exceed p ^ p > /. In the contrary case the theoretical length of the strengthened part 

should be . . tF . -f V(Q " 1 + — P" W — 4 Q'7 (/* +P d). The value of the maximum 

moment is i { Q" / — 2 P d — 2 P'd’ *f 

For example, if / = 6 metres, P =: P* = P" 6000 kilogramme*, /> =0, d — 1*40 metre, 
tT = 1*90 metre, the maximum moment will be 17120, equal to that which would be given by a 
uniformly distributed load of 3800 kilogrammes the lineal metre. 

13. Moment* of Jteeistance of Solid Girders. — Girders vith Equal Flanqes . — For girders of incon- 
siderable height, the moment of resistance is calculated by the exact formula 

(6 *i _ V A’> - b" V> - V" A'" 1 ), Fig. 1577. 

Tables I. and II. give the moments ready calculated of various sections. 

Part of these results has been taken from more extensive Tables published 
by M. Foy in the * Annales de la Construction ’ of M. Oppennan, 1863. As 
usual, the value of R has been taken as 6000000 ; hut if it be required to 
give to R another value, it will be easy to modify these results by a simple 
proportion. 

When a section according to the Table would be too weak or too strong 
for tho girder proposed, we can modify the thickness of tho flanges or 
of the vertical rib, remembering always that every millimetre added to or 
taken from the latter increases or diminishes the moment of a quantity = 1000 A* ; and that 
every millimetre in ea c h of the two flanges causes an alteration of 6000 6 A. 

14. When the girder is not a very low one. the moment of resistance may he rapidly calcu- 
lated by an approximative formula. With the dimensions denoted in Fig. 1577, the moment of 

_ h** 

resistance of the horizontal flanges, abstracting the rib and angle-irons, is exactly R 6 — — — = M ; 

6 A 

hut if wo take M' = RAA'. — - — = R sh\ s being the section of one of the horizontal flanges, we 

.... M' 3 A A' (A — A') 

.hall have ^ . 

For example, if A' is at least O' 8 of A, and this is always the case when the girder is of incon- 
siderable height, the proportion - - will he equal to O' 083, which is very near unity. 

M 

As A' differs little from A, we may consider the moment of resistance of the vertical rib of 
h n 1 

thickness c as equal to Ra — - or — R<'A',i being tho section eh\ Thus the vertical rib gives a 
6 6 

moment of resistance equal to only \ of that which the same quantity of material would possess if 
equally distributed between the two horizontal flanges. 

For the angle-irons, if we limit ourselves to and , we can make use of Table III., 

which gives tho momenta of resistance ready calculated of four angle-irons (two at the top and 
two at the bottom), supposing that R reaches the value 6000000 in the fibres situated at the 
extremities of the height A'. If we get beyond these limits, we can reduce the values of the Table. 

Thus for angle-irons of we must add J of the value given by the Table for angle-irons of 

100/100 . . . 

— — — . w hen the height is inconsiderable, instead of considering the angle-irons apart, we may 
include them in the section * of the flange. 
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Let us take, by way of example, a girder O' 80 metre in height, consisting of a vertical rib of 

and two flanges of 300/50. We shall have 


700/12 millimetres, four angle-irons of 


A' = O’ 70, * + — j* = 


0’0164, and consequently 


The moment of resistance of the rib and flanges - 6000000 x 0*0161 x 0*70 = 68880 
The moment of resistance of the angle-irons, according to Table III. .. .. 11014 

Total 79894 



j i. ; R 



; q 

i. — .1 

•i 

1 

i 

1 iq, 


The exact calculation gives 78158. Supposing tho moment of rupture to be equal to 79894, the 
girder would have to bear a strain of 6 ■ 13 kilogrammes instead of 6, a difference which is of no 
importance. 

15. Momenta of Resistance of Unequal Sections with respect to the so-enllni Neutral Axis . — The strain 
which iron is usually reckoned to bear is 6 kilogrammes the square millimetre, both in those ports 
which are subject to compression and in those which are subject to tension, the compressed parts 
requiring only a proper form to prevent twisting. But if it be required to employ a higher coeffi- 
cient for tho flange subject to tension than for the one subject to compression, wo must increase 
the strength of tho latter, that is, we must adopt an unequal section with respect to the neutral 
axis. 

These unequal sections may be unavoidable in certain cases : for example, in girders of tho form 
given in Fig. 1588. In such a case, it is often possible to assimilate the section to an equal ono 
having the two flanges equal to tho weakest of tho given section. But if the exact calculation be 
required, wo must proceed as follows : — 

First find, by tno. theorem of momenta, Fig. 1578, tho sides of a height 8 and S' which fix tho 
position of the centre of gravity G of the section, which coincides with the neutral axis when the 
girder is only subject to forces normal to its ist*. 

length. Then, between the coefficients K and It, , 
which express respectively tho maximum resist- 
ance of the two flanges, we shall have the proper- — r- 
R 8 I 

tion - = “ . Tho moment of resistance may be v>j 

® j J 

expressed either in terms of R or of R, which are * "\r 

connected by the preceding proportion ; in terms j** 

of R, for example, Fig. 1579, its value will be ** ’ 

+ »,*- V y»-v ».■*)• 

_ \ 1 bh’i-b'h'* +b'h* 

In the particular case of a simplo Ti Fig. 1579, we shall have 8 = — • f, h' b' h' + b' h 

It \ R,I „ 

Moment of inertia I = — 8 s — (A — b') (8 — A') 3 4- 6' (A — 8)* j. Moment of resistance = — _ ^ , Ri 

referring to the fibre which is farthest from the neutral axis. 

16. Solid Girders of small dimensions. — Coefficient R. — Rivetings , — Theoretically the thickness 
of the vertical rib should vary with the strain to which it is to be subject ; but in small girders 
this thickness is fixed, and offers an excess of resistance, for the conditions of rigidity prohibit 
the reduction of tho thickness of the iron plates below certain limits. We may, therefore, consider 
the thickness e of the rib as given. 

If we first snppoeo tho section constant, and represented in detail by Figs. 1580 to 1585, the 
value of the moment of resistance will be 

R / \ / 4 «*\ R e A* 

4,2 

We may neglect, relatively to A, the term — , and take 

8 A 

M = r{,(J-<i)(A-2.) + [1] 

whence 6 = — — — + e — 

Bi(A — 2 •) ’ 6. (A — 2.) 

The area of tho section, or the volume of tho lineal mitre of girder, is expressed by 
2 A c 4- (A — 2 «) (« + 4): 

^ representing the volume of the joint-plate* and mouldings of the rib the square metre, that is, 
the additional thickness which must be given to the rib to equal the weight of these mouldings 
and joint-plates. 

6M + 2RcA* — 6R«*A _. 

Substituting this value for A, the expression becomes ^ a _ 0 ~ \ + t v* — * */» 


and it is reduced to a minimum by the following value of A : 


8 B (A - 2 1) 


. /8 M — 2 B * •* 

A = 2. + 2V _g_ +8 ^. 


[ 2 ] 


This formula gives the height to be adopted in order to havo the lightest possible girder, 
offering a given moment of resistance, the quantities e, ^ and c being also given. 

3 d 2 
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1680. 

Ttco-girdcr Bridge, of high girders, loaded on the upper part. 



& formula which establishes between h and b the meet advantageous relation,* being always given, 
and, in the interests of economy, requiring to be chosen ns small u the necessary rigidity will 
allow. In girders of rolled iron ^ = 0, and, consequently, A = G&: thus, for this kind of girder, 
if we chooeo the area 8 of the section, the best form will be obtained by adopting for e the smallest 


3 6 8 

possible value, and then taking A = — and 6 - — • 


Formula [2] assumes the following form in the case of a girder supporting a uniformly distri- 
buted load p per lineal niijtro of bearing f. 
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17. Lot H3 now consider the case of girders having flanges of varying thickness. As the 

increase of thickness is obtained by placing one plate upon another, the variation takes place by 
redans or gradations, from the middle to the extremities of the bearing. If g denote the moment 
of resistance of one of the sections, the additional material to lie added in the middle will, theo- 
retically, be equal in length to supposing the gilder loaded with p, the lineal mitre. 

P 

This length should, in practice, l»e slightly increased, in older that the added plate may form suffi- 
cient consistency with the flange by means of its extreme rivets, at those point* in which the 
strengthening Incomes necessary. 

Let us suppose that Figs. 1580 to 1585 represent the section at the ends of the girder, t being 
the least thickness it is thought proper to adopt for the flanges; then, admitting approximative!)' 
that from the extremities this thickness increases as the ordinate of a parabolical segment, so as 
to reach its greatest value * in the middle of the bearing, the thickness z will be determined by 
the following equation, in which the moment of resistance is expressed in the approximative 
manner explained in 14. 

R * ( 6l + t) = T ’ whcnoc ~ ink~T' [5] 

Let * l»o a coefficient 1*10 taking into account tho joint-plates of the flanges. The volume of 
the lineal metro of girder will then bo / A(<r+^) + 2*/6j«-b-(*— <r) j ; or, by substituting 

the vnlne or 6,, !h { + + c (1 — jj «)J + | « lb t + ■! 

This expression becomes a minimum if we take 

k = ,V LC , [6] 

61l{ + + «Cl--«)} 

which shows that the height of girders should vary as / 

The height being determined, the middle section of the flanges is calculated by equation [5]. 
The breadth b must Ik- sufficient to ensure the rigidity of the girder, and to prevent tho thickness 
z from exceeding a certain limit, such as 0*06 or O' 07 metre. 

Example*. — Let l — 20 metres, p = 0000 kilogrammes, s = 0*010 metre, = 0*008, R = 
6000000, and tc = 1*10. We flml A = 2*17 metres, arid pz = 0*011)4. If, for example, we make 
z = 0*050, wo shall lrnvo b — 0*39 metre. Supposing « = 0*010, tho girder will weigh about 
11 tons, or 22231 lbs. 

The above formulae apply only to eases in which we aro free to realize tho most advantageous 
forms. It frequently happens that the height allowed is limited, in which coses wo must adopt 
the height of the girder to the circumstances imposed upon us. The thickness of the vertical rib 
varies iu girders or great importance. 

18. Coefficient Ji. — The practical resistance of iron both to tension and to compression is usually 
taken as 6 kilogrammes to the square mil li metre, and this coefficient is regarded as applicable to 
the solid section, that is, without any deduction for rivet-hole**. In the (tarts subject to compres- 
sion, these holes do not weaken the piece iu the slightest degree, if they are exactly filled by tho 
shank of tho rivets ; but this condition is not always fulfilled. In the (Kiris subject to tension tho 
hold which the heads of the rivets have taken UpOO the plate in consequence of the shrinking of 
the metal, partly compensates the loss of strength occasioned by the hole; but we must always 
reckon upou a loss iu virtue of w hich It will exceed 6 kilogrammes. 

When certain jxrints, such as the situation of joint-plates, for example, require a greater degree 
of (terfomtion than the other ports, it will always be advisable to slightly increase tho section iu 
these points. 

In the case of bars fixed to gussets by several rows of rivets, the loss may in most cases bo 
rendered trifling by a proper arrangement of tho holes: for example, one rivet only may be put in 
the transverse section A B, Fig. 1586, two in C 1), three in tho following 
row, and so on ; for it is enough if, in any section, the net resistance 
retained equals the strain ujxin the bar diminished by the resistance of 
the rivets which precede the row under consideration. Or, instead of 
this, we may vary only the diameter of the rivets which should increase 
towards the end of the piece. Or, again, tho two methods may be com- 
bined. In lattice-girders, in which every liar is of inconsiderable sec- 
tion, a single hole, even when it is of small size, may l*e an important 
fraction of tho section, in which ease it will be advisable to increase 
the section, at least in the bars subject to tension ; in those subject to compression it is often 
necessary to enlarge the dimensions for the sake of rigidity, and this excess of section, needed iu 
the middle to prevent deflection, is serviceable at tho extremities in compensating the lose occasioned 
by the rivets. 

Thus in certain cases it is necessary to take into account the weakening of the material by 
rivet-holes, hut, generally, we may consider that the cooflicient R = 6000000 is sufficiently low 
to permit us to neglect it. 

19. Hirst in-fa and fiolta. — The resistance of these to thearing fores might be considered equal to 
their resistance to tension or compression, when it is effected under favourable circumstance*. 1 oil 
a* the joints often require a greater number of rivets, the) will not resist in an equal degree. For 
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thin reason it is usual to reckon their resistance at 4 kilogrammes the square millimetre. In 
accordance with this, a rivet of 0 W *022 in diameter, offering a single section, should support 
U ton, or 3031 lbs.; and one of 0“*25, 2 tons, or 4042 lbs. The distance of the holes apart 
may be about 0 ra *08. 

When a small surface only of a bar rests upon its gusset, it is often necessary to double the 
sections of the rivets to enable them to resist the shearing strain ; this is effected by placing a 
joint-plate on the opposite side of the gusset, extending an equal distance along the bar. The 
space between the bur and the joint-plate is then filled up, so that the gusset is fixed into a kind 
of fork, which can be tom away only by shearing the rivets through two sections. In oertain cases, 
it will be easier and less expensive to enlarge the gusset and retain only a single section of bolt. 
By doubling the gussets and joint-plates, the rivets will offer a quadruple section. The thickness 
of the gu»eU should be so calculated that there may be no risk of their giving way aloug the 
perimeter enveloping the rivets of the bar. 

Wo may observe, with respect to the joint-plates of the flanges, that it will be prudent to place 
considerably apart the holes of those transverse- rows which aro nearest to the joint and to the ends 
of the joint-plate, and, on the contrary, to place them closer together in the intermediate rows. 
This condition may be disregarded with respect to the rows nearest the joint, if we increase the 
thickness of the joint-plate. But even then it is as well to increase the length, and to place the 
rivets farther apart. 

The vertical rib of a malleable iron girder has a tendency to slide between the two angle-irons 
which fix it to each of the horizontal flanges. Wo saw in 1 that this horizontal shearing strain 

requires a thickness of rib e given by tbo equation — = R, e d x. Taking account of the rivets, 
we sludl have = n Q dx, tt being the number of rivets the lineal metre, and Q tbe strain borne 


by one of them upon a double section. Whence we deduce n = ^ 

QA dx 


F 

QA 


,P l 


Supposing pit the lineal metro of girder, the maximum of strain F will be — , and by using 


rivets of O'"'025 wc shall havo Q = 4000 kilogrammes; consequently n = zJfJrr » that is, at 

SUuv A 

the extremities of the girder, the rivets fixing tho rib to the angle-irons of the flanges should be 

1 $ooo A 

placed apart tbe distance of - = - — — . With a diameter of 0®*022 the distanco should bo 
n pi 


C000A 



The same considerations apply to the rivets which hold together tho plates of tho flanges, or 
which fix them to the horizontal arm of tho angle-irons, but iu these cases the distance may be 
increased on account of tho relatively lets sliding strain. 

The foregoing condition will, in general, allow us to place the rivetings wide apart throughout 
tho greater part of tbe length of tho flanges ; hut in tho flange subject to compression the rivetings 
servo another purpose, which must be borne in mind ; namely, that of preventing the exfoliation 
of tho plates, which would inevitably occur if they were insufficiently fixed together. This con- 
dition requires that the plates should not ho left free throughout a length exceeding 0 m ‘15; 
but when there aro several rows of rivets, the distance may iu certain cases bo doubled, providod 
we take care to alternate the boles. 

Tho holes should be placed closer together in a lino with the joint, in order to avoid uselessly 
increasing the length of the joint-plates. 

When the number of plates of which the flange is composed is great, tho joints aro near 
together ; and in this cose tho rivetings should extend, at small intervals, throughout the whole 
of tho length. 

20. Flooring of Jlrid/jes. — Parts beside the chief Girders . — When the rails do not rest directly upon 
the principal girders, these aro made to support cross-girders, upon which again aro placed, longi- 
tudinally, other and lesser girders, and it is upon these latter that tho rails are laid. 

We may consider those minor supports as simply resting upon tho cross-girders, and we may 
take as their hearing tbe distance of these latter from each other. If the rolling load consists of 
tho wheels of a locomotive, the weight of which is 7 tons, and their distance ajiart 1"‘10, 
one of the wheels in the middle of the girder will give the maximum moment, when the bearing 
is less than 2 m, 40. Above this it will be necessary to consider two wheels. Tho dead weight, 
which is of small importance relatively to the rolling load, may bo reckoned at tho rate of 
500 kilogrammes tho linr-al metre. With these hypotheses, we can adopt, according to tho various 
lengths of bearing and the height to be given to the girder, the double | sections of Table IV., in 
which I denotes the bearing, the maximum moment of rupture, and h the height of the girder. 
As we have done in tho Table of the moments of resistance, so in this we describe a section by 
indicating, first tho dimensions of the vertical rib, then those of one of the four angle-irons, and 
last, when there is occasion for it, thoso of one of the flanges ; for these latter, wo give also the 
length, which in secondary girders of more than 3 metres may be considerably less than the bearing, 
for these horizontal plates must bo regarded as simple additions made for strength. When the 
length is omitted, it is understood to be equal to that of the angle-irons. The letter I* denotes tho 
mean weight of the girder a lineal metre, having taken into account the reduction in the length of 
the strengthening portions, and the cutting away of the angle-irons at the ends of the girder, where 
tho vertical rib alone is retained to he fixed to vertical flanges in the cross-girder. These vertical 
flanges are not reckoned here, because wc con*ider them as forming a part of tho croes-girdtT. 
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In eections consisting only of a rib and angle-iron, tho latter should offer a broad surface to the 
balks of timber carrying the rails ; it will sometimes be advisable to substitute unequal-armed 
angle-iron for equal-armed, care being had to preserve nearly tbo same weight : tho resistance 
will be increased by the change, but if this condition is already amply satisfied, we need alter 
only the ton angle-irons. In a bridgo hereafter described, wc have secondary girders reaching 
a length of Dealing equal to 0 metres. The mean weight of each of these is about 110 kilogrammes 
the lineal metro. 

21. When the height allowed is very limited, hollow girders in the form of caissons are some- 
times used. This form is less economical than that of the double but it is favourable to tbo 
reduction of the thickness of the flooring without diminishing the necessary thickness of tho 
timbers. Figs. 1591, 1594, 1595, give an example of this arrangement. Other sections suitable 
for bearings of l w, 50 to 2® *50 are found in Figs. 1587 to 1590. It is useless to consider longer 
bearings than these, for when the height is very limited the cross-girders should not be placed for 
apart. 

1587. IfttW. 1589. 1590. 

1 follow Minor Ginlera, Scale, O' 05. 

For a bearing of 1® • 50. For a bearing of 2™ • 00. For a bom ing of 2® • 500. 
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1113. 

High Cross-girdcra. Distance apart, 4“ *00. 

Weight a lineal mfctre of flooriug under two / of the cross-girders, 310 k 1 
lines of rails \ of the minor girders, 320 k / 
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When the thickness will allow us to give a height of, at least, 0“'350 to the cross-girders, we 
may adopt the double "J“ form for the longitudinal girders. 

22* f -'ro**-gtrder» for Bridges of Three G irders. — Figs, 1501 to 1598 represent various kinds, 
w hen the height allowed is very limited, the distance of the cross-girders apart should Ik* reduced 
to aliout 1 ■ ‘ 50. It will be useless to go lower thun this, for we should still have to consider the cross- 
girder as loaded, in a line with each rail, with one wheel of the locomotive. In these ease*, the 
princi|!ftl girders should be nlaced ns near together as possible, in older to diminish the bearing of 
the cross-girders. Taking their distance apart equal to 4 ,n *20, ns in Figs. 1591, 1594, 1595, the 
length of the cross-girder wil 1 !** 4 metres, its nctual bearing being, in consequence of the projecting 
of the gussets, a*" ■ GO. I'nder tiiese circumstances, the height of the cross-girder may be reduced 
to 0® ■ 220, as in the figure; its weight is about 730 kilogrammes, including ita two gussets; the 
cross-girders, therefore, will weigh 975 kilogrammes the lineal metro of flooring under two lines 
of rails. 

For a height of 0* • 250, we may take a rib of 210/10 millimetres, angle-irons of 1 10/70/1 1, and 
flanges of 270/20 composed of two plate’s, one extending over a length of 3® *50, and the other over 
2® *70 only. The weight of the croea-girders will be reduced to 830 kilos. 

It will be brought down to 715 kilns., if we can take a section of 0 B, *300 in height, composed 
of a nb of 200/12, angle-irons of 70/70/10, and flanges of 220/20, the first plate of which should 
extend 3" -50 and the other 2“ *70. 

Again, this same weight w ill be reduced to 640 kilos. f<jr cross-girders of 0® *350, the rib being 
330. 10, the angle-irons 80/80/10, and the flanges 250/10 throughout a length of 3 mitres. . 

* \i ut , ff“cr»Uy w «- w»all follow the example given in Figs. 1592, and 159C to 1598. in which 
tne chief girders are placed at a distance of 4"'' '50 n|>nrt. In this case the space between the two 
lines of rails, known as the “ six-feet way,” is increased to 3 metre* at each end of the bridge, i» 
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order to keep clear of the middle girder. The length of the cross-girders is 4® *30, and they may 
be regarded na aimply resting upon two supports, the actual bearing being about 4® ’10. The 
rolling hud acta in two diatinct points, in a line with each rail, and we may suppose the dead 
weight to act in the same manner. The moment of rupture will Ik? equal to 1*30 P, the letter I* 
denoting the maximum total weight acting in a line with each rail. This weight increases with 
the distance between the cross-girders ; and if we consider the case of locomotives carrying 10 tons 
per axle, with a distauco of 1®*10 between the axles, or carrying 12 tons, with a distance of 
l m -40 and 1®*90, we may allow the following values of P: — 



Mi-true 

Mitre*. 

i Mfetrc*. 

Mitres. 

i Mitres. 

. Mt trrs. 

Metre**. 

1 Mitre*. 

Distance apart of cross-girders 

1*50 

2-00 

| 2 50 

3-00 

3-50 

1 41)0 

i 4 50 

; 5 00 

Portion of P due to tho deadl 

Kilo*. 

1700 

Kilo*. 

2000 

Kilo*. 

2100 

Kik*. 

2300 

Kilos. 

1 2500 

j KiU* 
2800 

Kllu*. 

3100 

Kilo*. 

3500 

weight f 








Portion of P due to tho rolling 1 

7 GOO 

9500 

10600 

11400 

12300 

13000 

1 13600 

14000 

Total value of P j 

9300 ■ 

ii5oo ; 

12700 

13700 J 

14800 

15800 | 

j 

i 10700 

17500 


Wo are thus able to form a Table (see Table V.) in which M denotes the maximum moment of 
rupture. The weights include the vertical flanges by means of which the leaser girders are fixed 
to the cross-girders, and the triangular gussets by means of which the latter are fixed to the principal 
girders. On the other hand wo Irnvo deducted the portions of angle-iron or horizontal plates, which 
are removed towards the ends of the cross-girders. 

24. Cross-girders for Two-girder Bridges . — Kxemplors of these are given in Figs. 1599 to 1G04. The 
total length of the cross-girder is supposed equal to 8 metres, ami wo may admit 7" n- 80 os tho 
actual bearing. The 
maximum moment of 
rupture, between tho 
inner rails, will bo 
4 30 P, when the two 
lines are simultane- 
ously loaded, wliilat it 
will bo only 2*70 P 
iu the case of one line 
being loaded. Wo 
may reckon tho mean 
3' 50 P as equal to tho 
moment of resistance 

R = 6000000. By 

this means wo shall 
obtain cross - girders 
supporting generally 
a strain of 4*5 kilos, 
tho square millimetre, 
omitting the excep- 
tional case of both 
lines being loaded 
simultaneously, when 
the strain may rise 
to 7*5 kilos. In a 
line with the exterior 
rails, tho mean mo- 
ment will be 2*40 P. 

Table VI. gives a 
certain number of sec- 
tions for various distances. The weights include nil accessories. 

25. Vertical Trussing . — Wh en the girders of a bridge arc very high and their flange* compara- 

tively narrow, they ore liable to incline or sag from one side to the other, especially if they aro 
leaded on the upper part. If the direction of the sagging is different at the two ends of tho 
gilder, a strain of torsion is produced, which changes the plane of the vertical rib into an oblique 
surface. The princi|Mil object of vertical trussing is to counteract these effects of sagging. The 
strain borne by these pieces is caused by the motion of the trains, which produces lateral oscilla 
tiona, or by the deflections which occur in the flange subject to compression. But it is often 
needful to strengthen the oblique pieces of the transverse section, because they may serve as 
supports to the crosa-girdcra, of which arrangement Figs. 1005 to 1011 and Figs. 1580 to 1585 arc 
examples. . , 

The object of vertical trussing cannot be to equalize tho deflections of the several girders m 
cases when these girders may l>c unequally loaded, for in such cases tho deflections must of 
necessity differ: it could be prevented in i«rt only by means of vary strong piece’s, and there 
would then result a strain of torsion. Yet. when the girders are high and rigid, the deflections 
are so inconsiderable that tho vertical trowing does offer some resistance, because, by its elas- 
ticity, it adapts itself sufficiently to tho different curves which the girders assume under tho 
rolling load. Between two girders equally loaded, such os two girders supporting directly the 
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rails of one line, these 
strains do not exist. 
In four-girder bridges 
under rails, if the 
height be inconsider- 
able, it will be suffi- 
cient to simply tie the 
two lines. 

20. Horizontal Trus- 
sing. — One use of 
horizontal trussing is 
to prevent lateral vi- 
bration, and in order 
to effect this in the 
most complete manner 
the trussing should 
be placed as near the 
piano of the rails ns 
possible. Another use 
of this kind of trus- 
sing is to form, with 
the aid of the cross- 
girders, a resisting 
plane which shall pre- 
vent the girder from 
twisting under the 
torsive strain of the 
compressed flange. 
From this point of 
view the trussing 
should, when possible, 
bind together the 
compressed flanges of 
the several girders. 
When the bridge is 
loaded on the upper 
part, a top trussing 
will satisfy the double 
condition. In tubular 
bridges loaded on the 



1601. 
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Tico-girdcr Bridge, loaded on the upper side. 

Height of girders, 3®. Distance n|*urt of the crow-girders and consoles, 3* * 000. Scale, 0*03. 
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the bridge, which may be the caho 
in a certain degree when the prin- 
cipal girders are straight. The 
section of the iron is usually flat, 
because, of the two diagonals funn- 
ing a Saint Andrew cross, there is 
always ono which resists tension, 
whilst the cross-girders serve as 
compression-bars ; besides, the com- 
pressed diagonal does not remain 
quite inactive when it is fixed in 
several points throughout its length, 
a * is usually the case. When, on 
the contrary, the bars an; left free 
throughout a considerable length, 
it ■ pn ' r ibla to main them of 
"f-iron, to avoid yielding. 

In bridges of small span — of 
less than 25 metres, for example 
— the breadth of tbo flooring is a 
large fraction of the length, and 
the trussing may bo omitted, be- 
cause the rigidity of the flooring 
itself offers a sufficient resistance 
to transverse oscillations. 

For a bridgo loaded on the 
upper part. Figs. 1012, 1013, and 
Figs. 1580 to 1585, the horizontal 
trussing may weigh, according to 
the span, from 50 to 90 kilo- 
grammes the lineal metre of floor- 
big under two lines of rails (bars of 
100/12 to 200/10 millimetres), in- 
cluding the gussets. 


1607. 

Road Bridge. 

Roadway, 4"»; footway, l m . 

Wide span, with unlimited height. Scale, 0*02. 


Cross- 

girder 

without 

strut. 

1611. 


The 

horizontal 
, 220 


Road Bridge. 

footway, l m *50. Wide span, with unlimited height. Scale, 0*02. 


Roadway, 


1610. 

Cross-girder without 
strut. 

Scale, 0*05. 


The horizontal plates 
only extend over 
a length of 5" *40. 
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For a three-girder bridge, l«09. 

loaded on the lower part, wo Road Bridge . 

may reckon from 80 to 1^0 Rond way, 10 1 " ; footway, 2™. Wide span and unlimited height. Scale, 0*01 

kilogramme* ; fora two-girder , 

bridge, loaded on the lower p m,cc * — — J 

aide, from 50 to 100 kilo- |— — — **» -? -j 

grammes. Tubular bridged ^ '• ‘j 

absorb the lineal metre, from vr^’~H r r | ' 

l! 

bridges) and above, for their l y 

double trowing or crow-brnc- ^ f%7fQ j * 

ing, which, added to their /yy w teee 

great breadth, gives them a | Ay 

transverse rigidity greater j Ay 

than bridged of an c^ual $ Ayy 

span loaded on the upper part. £ A}/ 

and having corbels, eoulu > Afy 

pomes*. Ay 

In ordinary road bridges yfy 

tho horizontal croBS-braciug ~A/*~ 


Four-girder Railway Bridge. Height of girder*, 4". Scale, 0*03. 
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in strength to that required for railway bridges. Flat ban of 100/12 arc in general amply 
sufficient. 

27. In cases when the height allowed is unlimited, the lines of rails may rest upon the upper part 
of the girders. When the span is inconsiderable wo shall have, generally, four principal girders, 
supporting diroctly the rails, m in Figs. 1612 to 1614 ; for in such cases the other pieces serve only 




1615 . 

Two-girder Railway Bridge, loaded on the upper tide. 
Girders of moderate height. Scale, 0*02. 


to tie the girders, and may be of small dimensions. But when the span is great, the saving in the 
secondary pieces should be sacrificed in favour of the more important saving which may be 
effected by reducing the number of the principal girders. One girder costs less than two that are 
only half loaded, and, besides, this one girder will be subject to the full strain only in tbo 
exceptional case of two trains crossing the bridge simultaneously. Figs. 1580 to 1585, and Figs. 
1606, 1615, 1616, 1617, give examples of bridges of two girders of various heights, and, con- 
sequently, applicable to bridges of small and great span. Between two-girder and four-girder 
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bridges are those of three girders. Figs. 1605 and 1618 to 1G20, which require strong cross- 
girders, but less important than those of two-girder bridges. 

When tho height allowed is limited, tho load is placed upon the lower 
part of the girders ; in such eases tho girders form the sides or parape ts of 
the bridge when they are not very high, and when their height is great, 
advantage is taken of the circumstance to tie them on the upper part ; this 
latter arrangement constitutes the tubular system. Figs. 1591 to 1598 arc 
examples of three-girder bridges constructed according to the first method, 
and Figs. 1621 to 1624 are examples respectively of three-girder and two- 
girder tubular bridges. In tho various kinds of bridges loaded on the 
lower part, we distinguish again those in which the height of the cross- 
girders is limited, and those in which this height is great, for this is of 
considerable importance when we regard the weight of tho minor and cross 

f 'irders. For example, in Figs, 1591, 1594, 1595, in which the cross-girders 
lave a height of 0 *220 metre, this weight reaches 1350 kilogrammes the 
lineal metre of flooring under two lines of rails; whilst in Fig. 1593, with a 
height of 0*850 metre, it is reduced to 630 kilogrammes. A limited thick- 
ness obliges us to increase the number of cross-girders, and induces us to 
give the preference to three-girder rather than to two-giMer bridges. 

Regarded from the point of view of tying the principal girders, the dis- 
tance between the cross-girders will be determined by the transverse rigidity 
of the former. Girders with narrow flanges may need to bo tied every 
2 metres, or 2*50 metres; whilst in largo bridges, provided the croes-girdera 
be strong and firmly fixed, they may be plaoed 4 metres apart and even more. 

Three -girder Bail way Bridge, loaded on the upper side. 

Height of girders, 5". Distance between cross-girders, 3* n *000. Scale, 0*01. 

1619. 

2nd a mm cement. 


I 

1620 . 


Scale, 0*03. 

800—- -H 


1L 

f— -4100 y 

28. The weight of the various ports beside the principal girders may be taken generally as 
follows : — 

Weight of the parte beside the chief Girders and the horizontal Trusting, the lineal metre of flooring 
under two lines of rails. 

f /Distance between cross-girders, 2 metres: 320 to 450 kilogrammes, 

1 according as the height of the girders varies from 1*50 to 4*00 
Four-girder I metres ; 

bridges. \ Distance between cross- girders, 3 mMrcs : 260 to 350 kilogrammes, 
according as tho height of tho girders varies from 1 *50 to 4 *00 
V metres ; 

Three-girder bridges: 460 to 800 kilogrammes, according as the height varies 
from 2 to 5 metres ; 

Two- girder bridges : 540 to 920 kilogrammes, according as the height varies from 
^ 3 to 8 metres : 

'Three-girder bridges : 960 to 630 kilogrammes, according as tho height of the 
cross-girders varies from 0*35 to 0*85 metre; 

Three-girder bridges ; 1050 to 730 kilogrammes, according as tho height of tho 
croes-girdcrs varies from 0*60 to 1 00 mid re ; 

Three-girder tubular bridges: 1050 to 730 kilogramraos with cross-girders of 
0*35 to *80 mt'tre ; 
v Two-girder tubular bridges ; 900, 


1. Loaded on 
the upper side. 


2. Loaded on 
the lower aide. 





1616 . 

Bolting of the sleepers 
upon the girders. 



161 ?. 
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29. The planking of railway bridges is composed of planks 0*0G or 0*07 metre thick. The 
longitudinal timbers supporting the rails are 0-13 or 0*15 thick by 0 25 or 0*30 broad. As the 
calculation of the timbers can bo always easily mode, it is useless for us to consider it here. 
Generally we shall have from (0*60)* to (O' 70)* metre, the lineal metre of flooring under two 
lines of rails. 

30. For ordinary road bridges wo prefer wood in the construction of the flooring to corrugated 
iron, because with wood we may place the beams farther apart, which is a more economical 
arrangement. It is true that the wood will require to be sooner renewed, but that is a labour 
which is readily executed, even without interrupting the traffic. In Figs. 1G07 to 1C25, the 
planking ia0'07 metre thick, and is covered with a boarding 0*03 metre thick which serves the 
double purpose of protecting the planking, and of increasing its power of resisting by preventing 
a single plank from yielding beneath the weight of the wheel of a vehicle. The planking rests 
upon joists 0*250 metro deep by 0*125 metre broad, placed at distances of 0*375 metre apart. 
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1633. 

T\co~girder Tubular Bridge. 

Crou-br&cing in X>iron. Crow-girder with vertical gussets, GG0 k . Scale 0*01. 



Upper crow-bracing. Lower cross-bracing above the cross-girders. 



When corrugated iron is employed, 
it may be 0*003 mfetre thick for a dis- 
tance of 1*40 metre between the cross- 
girders, the ridges being 0*080 metre in 
height and having a mean breadth of 
0*160 m«*tre ; but this iron does not resist 
well unless it is covered with a sufficiently 
thick layer of earth to prevent the wheels 
from concentrating their action upon a 
single ridge. 

There yet remains for very important 
works the heavy but indestructible system 
of brick arches, springing from iron learns. 
But our purpose is only to study the moat 
economical arrangements. 



1625. 

Road Bridge. 
Roadway, 4"* ; footway, 1®. 

Scale, 0*02. 


N 
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8|. The plunking of the nbovo-mentioned fignnn, rahf* « snrmre mbtre, or hns iw it* re.) nee. 1 
tliieknees O' 1S.I mitre. With this |.ln»kitlg. the proper .listanoc between the rroBe-srirdera is I SO 
metre We mny consider the rmss-gmtcni ns aubjoct to n maximum weight of 1000 kilogramme* 


1IH. 

Rood Bridge. 



Roadway, 4“ ;’ s footway, 


Road Bridge . 

l m . Upper cross-girder for tubular bridge. 


the lineal metre (the layer of 
earth varying from 0-15 to 
0*2.5 metre), and to an acci- 
dental haul of two wheels, 
each exerting a pressure of 
3 tonn, placed 1 * 50 metre 
npart, and in the ino»t un- 
favourable jioftition, which 
gives the moment of rupture 
expressed by the formula in 
10. When the bearing of the 
cross-girder exceeds 4 metres, 
wo must consider the case 
of two heavy vehicles passing 
in opposite directions. The 
wheels may van* in respective 
position, but as the oallast 
serves to distribute the pres- 
sure, we shall admit that 
the total weight of 12 tons 
for the four wheels, simul- 
taneously situate upon the 
cross - girder, is distributed 
uniformly throughout its 
length. Table VII. gives 
for these conditions, some sec- 
tions ready calculated. The 
weights include gussets simi- 
lar to those in the figures 
already referred to, and sup- 
pose that the distance be- 
tween the girders exceeds by 
0*40 metre their l>ear»ng. 

Cross-girders of more than 

8 metres will generally b© 
divided in their length by 
one or more of the principal 
intermediate girders. 

32. The figures referred 
to in 30 represent bridges of three different breadths : — 

G metres, composed of 4 mitres of mad way and two footways of 1 *00 mitre each. 

10 „ 7 „ „ „ „ 150 * 

14 „ „ 10 „ „ „ „ 2 00 „ 



And for each of these breadths we may distinguish the oases of, — 1, small span, which require® 
only a moderate thickness between the level of the mod and the under-aide of the girders; 
2, wide span with unlimited height; and 3, wide span with limited height. 'Ibis gives occasion 
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for nine different transverse sections, or rather for twelve, for Figs. 1026 to 1630 are donble, and 
represent either girders loaded on the lower side or tubular bridges. Cross-girders supporting 
the rood are always placed 


1 • 80 metro apart ; but cross- 
girders used only ns tie- 
beams, struts, anil braces, 
are placed only at doable 
intervals. In l^igs. 1607 to 
1611 there is, therefore, one 
out of every two cross- 
girders untrussed ; but the 
want of this is compen- 
sated by an additional uluto 
in the llanges. In rigs. 
1608, and 1626 to 1630, the 
cross - girders, which are 
very loug, are held in the 
middle of their length by 
longitudinal bars in double 
T -iron of 20 kilogrammes 
to the lineal metre. In 
bridges of a rather wide 
span we add a horizontal 
cross-bracing of Hat lairs of 
100/12 millimetres, and 
which, when lixed to the 


Headway, 7™ ; footway, 1* 


Road Bridge, 

•50. Upper cross-girder for tubular bridge. 



Wide span and limited height. 


5 



cross-girders, serves to prevent their lateral deflection. Tubular bridges require the cross-bracing 
both on the upper and the lower side. 

The following Table gives the weight of iron the lineal metro of flooring, not including the 
principal girders, for each of the transverse sections referred to above : — 


Flooring, 
6 metres 
broad. 

Flooring, 
10 mitres 
broad. 

Flooring, 
14 metres 
broad. 


Kilogrammes. 

Small span 340 

Wide span, with unlimited height (girders 3-50 metres high) .. .. 460 

„ with limited height (girders loaded on the lower side) .. 430 

„ „ (tubular bridge) 533 

Small span .. 430 

Wide spau, with unlimited height (girders 4 50 metres high) .. 810 

„ with limited height (girders loaded on the lower sido) .. 835 

„ „ (tnbular bridge) 085 

Small span 745 

Wide span, with unlimited height (girders 5 metres high) 970 

,. with limited height (girders loaded on the lower side) .. 1260 
„ n (tubular bridge) 1500 


Those kinds which arc applicable to wide Bpans admit, in the case of unlimited height, of 
tniss-lmrs, tho length of which increases with the height of the girders : it is for this reason that 
we have indicated the particular height for which the calculation hns been made. 

The weight includes the cross-bracing adopted in the cases of wide span ; it includes also tho 
parapets of 30 kilogrammes the lineal metre, except in thoso cases in which the girders themselves 
form parapets. 

33. Load » applicable to the principal Ginlera. — Proportion between the Span, the Bearing, and the 
total Layjth.—Brnring-rollrra . — A girder of a considerable bearing is always calculated on tho 
hypothesis that the loads are uniformly distributed, namely : — 

1. A permanent load of p kilogrammes the lineal metre, throughout the whole length. 

2. An accidental load of v kilogrammes the lineal mfetre, throughout a certain length of 
the bearing. 

3 E 2 
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Loads p and p' applicable to Railway Bridie *. — Sometimes the dead weight p is purposely 
increased by means of a thick layer of earth or ballast, for tho purpose of deadening the vibrations 
caused by the rolling load // ; this, besides, allows us to make the lines of rails independent of tho 
flooring, by placing them upon sleepers not fixed to the metal part of the bridge. But this is an 
exceptional arrangement; usually the dead weight of the indispensable parts is reduced, for tho 
reason that the iron is capable of resisting the vibrations which are produced by the passage of 
the trains, when the girders nre calculated for n strain of <3 kilogrammes the square millimetre. An 
increase of the permanent load may no doubt bo favourable to the power of resistance in the 
material, but if it be adopted, it will only be logical to take for R a greater value than <3000000, 
for it is acknowledged that this coefficient offers perfect security in case* in which tho vibrations 
are exerted in the usual manner. At any rate, we shall suppose only a thin layer of ballast to 
protect the planking from the burning emla dropped by the engine. 

By adding tho weight of the rails, of the timtar, and the various pieces of the flooring, we may 
take as the average the lineal metre of each of the chief girders, not including its own weight, thn 
following permanent loads: — 


Bridges loaded 
on the 
upper part. 

Bridges loaded 
on tho 
upper part. 


of 4 girders : p 4 = 500 to COO kilogrammes, 
of 3 „ 800 „ 

of 2 „ 1200 „ 

( outside girders: 800 to 700 kilogrammes, according os the thick- 
ness is great or otherw ise. 

middle girder: 1700 to 1400 kilogrammes, according as the thick- 
ness is great or otherwise, 
of 2 girders : 1400 kilogrammes. 


To obtain p, we must add to p„ given above, tho weight />, of the girder itself a lineal metre, a 
weight which it is of small consequence to know exactly, and which may be corrected, if it bo 
deemed necessary, by a second calculation. When we wish to obtain only the net value, wo may 
get rid of the weight p ,, by remarking that in general tho weight of the girder a lineal metre is, 
at least in the greater part, proportional to (p + p') l. Supposing, then, p, = D (p, -f p, •+■ />') /, 

we obtain p t = D ^ — ! • ; or by making D (p. + //) / = p . , p. = / ^ ; we can, there- 

p, — / 1) p, + P — />i 

fore, deduce the weight p„ found from the weight p,, which is obtained by neglecting in the dead 
weight the weight of the girder itself. The result will not be strictly true, l*ecau»e tho proportion 
7 of tho rolling load to the total load is increased by the reduction of the latter ; but the error is 
small. 7 having but a slight influence except upon a few lattice -bars. 

84. Let u» now consider the moving load p\ « 

An engine with its tender may bo placed upon a bridge of 10 metres, and if tho weight amounts 
to 00 tons, we shall have 6000 kilogrammes the lineal metre for one line of rails, admitting, as wo may 
for this length of span, that the load produces nearly the same effect as it would do if uniformly 
distributed. 

Beyond a span of GO metres, wo always suppose, in calculations, a load of 4000 kilogrammes. 

Between 10 and 60 metres, this assumed load should vary as follows: — 

Spans = 10, 20, 30, 40, 50, GO metres, and above. 

L<jad P (for a single line) = 6000. 5000, 4600, 4300, 4100, 4000 kilogrammes. 


A girder mnyhave to support two rails, one rail, or a fraction of a rail, according to the system 
of flooring. The following Table gives the necessary information regarding this matter, omitting 
altogether rails which nre not loaded. 






Number of FCafls 
supported by 1 Girder. 





When bo lb 

When 





Line* ate 

1 Line la 





Loaded. 

Loaded. 





rail. 

rail. 


'of 4 girders 



1 

1 


the outside girders being 

middle girder 

$ 

1 

Bridges loaded 

of 3 girders 

5 metres ajart 1 

one outside girder 

i 

i 

on the 

the outside girders being i 

middle girder 

5 

i 

npper side. 


6*20 metres apart 1 

one outside girder 

i 

i 

of 2 girders 

5 metres apart (Fig. 1606) 

6*40 metres apart (Figs. 1580 to 1585) .. 

2 

* 

1-70 
1 56 

Bridges loaded 

of 3 girders 

middle girder 


2 

1 00 

on the 

one outside girder 


1 

100 

under side. 

of 2 girders 


2 

1*43 


Ixxuls p and p ' applicable to Road Bridges . — The following Table gives the loads applicable to the 
girders of vnrious kinds of bridges. The dead weights p ore calculated on the hypothesis that 
there is a Inver of earth, or ballast. O’ 20 mi-tro deep, and the moving loads p' on the hypothesis 
that the roadway is loaded at tho rate of 400 kilogrammes, and the footways at the rote of 200 
kilogrammes, the square metre. 
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P for one girder, not including) 511"* 

its own weight ?/j 1 " ,n 

P ’ ditto 


Bnwdth, 

Breadth, 10 Metre*. 

Bread Ui, 

14 Metres. 


1 Fig*. 
1 «60b 

1625. 
j 1627. 

Outdid* 

Girder. 

Middle 

Girder. 

He*. 

16CIS, 

1629. 

Fig. 1609. 

Fig. 1626. 

Outride 1 Middle 
Girder. , Gilder. 

Outidde 

Girder. 

Middle 

Girder. 

kilts. 

kilns. 

kilo*. 

kilo*. 

kilo*, j kilo*. 

kill*. 

kilt*. 

1300 

1100 

1000 

2300 

1600 j 2*00 

1450 

8800 

1000 

1000 

1400 

1700 

1400 | 2000 

1050 

2700 


*"'• vcunny-roucrs. — vim- iron plates aro inter- 
pnsed between the girders and the masonry, where 
the former rest upon the abutments. For spans of 
more than 20 metres, friction-rollers, or, as they are 
usually called, bearing-rollers, are placed between 
these plates and the girders to provide for the move- 
ment caused by the expansion of the metal. We 
may calculate in the following manner the maximum 
load which these rollers are liable to bear. 

The girder is fixed in the direction of C D, Fig. 
1631, to a plate, the thickness of which = t, resting 
upon rollers having a diameter of 2 r, which, in 
thuir turn, rest upon a lower plate, cemented into 
the masonry. The diametrical plane A B under- 
goes no distortion, it only sinks in consequence of 
the depression at the bottom ; if we admit that the “ 
face 0 D also remains plane after compression, 


the planes C D and A i! will have approached 
each other by the quantity A, on account of tho 
pressure Q exerted by the girder, aud supposed 
colic* ted upon 1 lineal m.' tre of roller. Tho lower 
face of the plate offers a depression into which 
the roller penetrates, and which is itself flattened. 


The value of tho 
of 


ratio 


G II 


7Fi ^ ,e coni i )rctu d° n 
the roller to that of the plate, for an ele- 
G II G M J* — x* 



mentary prism F M, is — - = = 

HI FI 


To find III, for example, wo deduco from 


... GH + III 

this proportion — = 1 + ; » QH+ HI, «OI = »-r + .nil, 

consequently, demoting tho modulus of elasticity by E, the portion of tiio lend which the elemen- 

tnry prUm F M nupport. will be if Q = E . — = E * ~ r + dx. 

. * * + */ t* — X* 

10 aciermmo A, we remark that the metal must not bo subjected to a strain greater than R the 

unity of section, so that A cannot exceed tho value - (« -f r), which valuo will be substituted in 
a 

/ ^A(t r-*> 

A-M-VHt-xt ix 


Now tho value of the integral of the form / - 

J B 

J'— + ‘S’*-* 


+ S rt - *« 

’A + J r* - 
+ S r 3 — 3? 


= C + * + 2 (B - A) tan. 


dx is 

-I V r 3 — x 3 


+ Z, 


_ _ i/ B -f \/ r 1 — j s — — * 

C being the arbitrary constant, and the term Z being equal to 

B Jri-x* — 

B(A-B). x-r Sr* B 

j=~ l °e. in * Uo ““ in which r > B : 

— • r -F r 2 — B 2 

x — r 

to —l— — — — — r \ in tho coao in which r = B ; and to 
r-x+ Jr' — * 

Bv'r 1 - x’ 

2 B (A — B) 

VB ! -r> *fB=-r> 


, a lien r < B. 
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Usually, we have E = 0-100 metre, and the diameter *2r of the rollers =: 0*150 metre. It will, 
therefore, be the last expression of Z that we shall have occasion to apply, and by calculating the 
definite integral which gives the value of Q, we obtain 


Q = 2E{Vx(2r-A)-2(* + r- 


_ ' ft, 

4 V «= - rS \ 


«(»• — *) 

- J X (2 r - A) 


*/ K (2 r — A) 




For R = 0,000,000 and E = 8,000,000,000, a value applicable to thick cast-iron plates, the 
formula gives Q = 30370 kilogrammes the lineal mitre of roller, say 24 kilogrammes the square 
centimetre of diametrical section : this value we shall adopt as a maximum. 

But when there are several rollers it is difficult to load them all equally. In order that no roller 
may exceed its limit of elasticity, it is essential that the bed-plates be fixed with care ; the keys or 
holla which hold them should, as far as possible, be tightened in an equal degree while the trial 
load is upon the bridge. When the distance of the load has modified the deflection of the girder, the 
pressure will be unequally distributed between the rollers : but this is no longer of consequence, 
because the rollers are greatly eased of the total weight. But in practice, a certain latitude must 
1)0 allowed ; and wc should consider that the pressure has always n tendency to concentrate itself 
towards the facing of the abutment. If we admit that the centre of pressure, under a full load, 
inay move forwards along 0-G0 of the bearing upon the abutment, reckoning from the end, the 
mean pressure will be $ of tbo maximum 24 kilogrammes, say 15 kilogrammes the squaro centi- 
metre of diametrical section of the rollers. If this pressure be referred to the total surface of the 
plates, it will bo necessary to deduct the play of the rollers, anti we must then reckon upon about 

13 kilogrammes. 

The evil of imperfect bod-plates cannot 1x5 remedied by increasing indefinitely the number of 
tin; rollers; for, under a full load, the extreme rollers support hardly anything. And, even if a 
roller should be subjected to a strain a little too great, the consequence will, in general, be of small 
important. 

In bridges of several spans, or bays, upon very high piers, the rollers should turn freely in ord«-r 
that the expansion of the iron may not cause a gnat horizontal strain upon the masonry. The bed- 
plates should bo as equal ns |iosnibli* in all respects, both when the bridge has no had upon it and 
when it is fully loaded; and there is but one ease in which the resultant of the pressures will, in 
any considerable degree. lx* diverted from the middle of the faee of the supjxirt, namely, when tho 
had is applied to one only of the contiguous lays. This case allows us to reckon upon the maximum 
pressure of 24 kilogramme*, or mar it, for the full load, say 20 kilogrammes after having made 
the deduction for the play between the rollers. 

37. Helatiun betveen the Spun, the Hearing, and the total Length. — From what precedes, reckoning 
upon 13 kilogrammes the square centimetre, the beariug <% Fig. 1032, of a girder upon the abutment 

may be calculated by the formula c = ^ - • , I* being the total length of the girder (single 

lay), and 0 the breadth of the plates or the bearing length of the rollers, which usually exceeds by 

014 metre the breadth of the flange of the girder, in 

the caw* of moderate span. For very largo bridges, , 

it will be preferable to increase fl, and perhaps also "7 

the diameter of tho rollers, in order that they may — — j 1 

offer more elasticity to lessen the effect of the iuclina- p 1 

tion produced by the deflected girder. : ^ 

In general, supposing that the dimension h of the 

figure is 0-00 of c, the total length L of the girder r"'*j 

should be made = 1-045/, 

As to the ratio of the real bearing / to tho span d, - ti 

it depends ujx»n the dimension «. which should, in the i < ■•Jftj 
first place, be at least equal to 0*40 c, and, in the second 4-- <*--£■» 

place, sufficient to keep the resultant of the pressures j i 

at a suitable distance from tho facing of tho abutment, , . - .. . , , „ . , . 

nnd to prevent a crushing of the masonry. This ran- L, Length of the gmltr. I Real Wring, 
dition depends itself upon the dimensions and talus of * ' n* 31 " 0 “‘S* ®* bpon. 

the abutment ; but we shall generally do right by making a rz 0*025 d. 

Thus, to recapitulate, in calculations for bridges, we shall adopt / = l*050rf and 
L= 1*045/= 1 *0973rf. 

We shall usually consider the mean weight of the lineal metre of girder in reference to the total 
length L. If we obtain the total weight I' by a direct measurement including the ends of the girder, 
V . F 

-=- will be the mean weight ; wc shall take, on the contrary, — , if tho weight P' results from a 

theoretical formula which supposes the length of tho girder hi be /, subject to the corrections 
necessary to take into account, according to the case, the ends of the girder. To obtain the weight 
in reference to the span, we must multiply the weight found for the metre of total length, by 1 *0973 
or 1*10. 

38. In Skew bridge*, the normal span being d , and the angle of the skew being a, the skew span 

will lx* -? , the real bearing I *05 — , and the total length of the girders 1*0973 — — . This 
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case presents no difficulty ; the cross-orders ore norranl to the chief girders ; Borne of them at tho 
extremities are short, and rest upon an oblique piece which holds together the ends of the girders 
along the abutment. The first complete* cross-girder forma with this oblique piece and the principal 
girder an unyielding triangle, which allows us to have n •course to a loss expensive system of 
counter-bracing than would l>o matured for a straight bridge of the same span. Beyond this 
difference, in the matter of calculating the weight and the resistance, a skew bridge and a straight 
bridge of the same span aro alike. 

The bridge. Figs. 1033, 1684, erected near Calcutta, was constructed according to the system 
of bridge-building introduced and practised by A. Sedlev. The span, Fig. 1683. is 75 ft., and tho 
structure was calculated to support a moving load of 120 lbs. to the sq. ft. of roadway. The total 
weight, including rod*, girders, and Mallet's buckled-plates, is 30 tons. The iron was proved to 
20 tons to the sq. in. of cross-sectional area ; tho tension or suspension bars are of the best Bowling 
imn. Tho cantilevers have merely the effect of increasing tho range of the piers, and if tho 
suspension-rods support the lattice-girder without destroying its perfect contact across and on 
each of the two brackets, the system is reduced to a lattice-girder resting on supports. 

Hydraulic Swing Hritljc orer the Hirer Ouse. — The information that we give respecting this 
bridge is taken from ‘Proceedings of I, M. E,’ August, 1868. 

This bridge was designed by Harrison, the engineer of the North-Eastern Railway. Near tho 
bridge there was no supply of hydra idle power, and the total power required was too great to be 
supplied by hand labour. It was further necessary, on account of the position of the swing bridge, 
either to convey the power to the centre pier by a pipe under the lad of the river, or to produce it 
uj>on the pier by placing a steam-engine within the pier itself ; and the latter plan was the ouo 
adopted. 

The construction of the Ouse Bridge is Bhown iu Figs. 1635 to 1646. Figs. 1635, 1636. show 
an elevation and plan of the swinging portion. Fig. 1637 is a vertical transverse section at tho 
centre pier, showing the engine-room ami accumulator, which are situated within the centre pier ; 
and Fig. 1639 is a plan of the centre pier at the level of the engine-room, showing the arrange- 
ment of the driving-gear with the steam-engines ami hydraulic engines. Fig. 1640 is an enlarged 
section of one half of the engine-room, and Fig. 1641 a sectional plan of the accumulator. Figs. 
1647, 1618, are a plan and elevation of the hydraulic engines for turning the bridge ; and Figs. 1643 
to 1646 show the gear at the two extremities of the bridge for working the adjust ing-supimrts and 
the locking-bolts. 

The total length of tho bridge, fixed and movable, is 830 ft. The fixed portions consist of flvo 
spans of 116 ft. each from centre to centre of piers. Tho bridge being for a double line of railway, 
each span is composed of three wrought- iron plate-girders, the centra girder having a larger 
section to adapt it for its greater load ; these girders have single webs, and are 9 ft. deep in the 
centre. The total width of the bridge from outside to outside is 81 ft. Each of the piers for tho 
fixed tqians consists of three cast-iron cylinders of 7 ft. diameter and about 90 ft. h-ugth. The 
depth from the under-side of the bridge to the bed of the channel in the deepest j>art is about 61 ft. 
The headway beneath the bridge is 14 ft. 6 in. from high-water datum, and 30 ft. 6 in. from low 
water. 

Tho swinging portion of the bridge, Figs. 1635, 1636, consists of three main wronght-iron 
girders, 250 ft. long, and 16 ft. 6 in. deep at the centre, diminishing to 4 ft. deep at the ends. Tho 
centre girder is of larger sectional area than the side girders, and instead of being a single web is 
a box-girder 2 ft. 6 in. in width. Fig. 1640, with web-plates A to A in. ir. thickness, and tho 
top and bottom booms contain together about 132 sq. in. section. The roadway is carried upon 
transverse wrought- iron girders resting upon tho bottom flanges of tho main girders. Figs. 1610 
and 1644. In tho centre of the bridge the main girders are stayed by three transverse wrought- 
iron frames securely fixing them together; and over the top of these frames a floor is laid, from 
which the bridgemnn controls the movements of the bridge. 

An annular box-girder A A, 32 ft. menu diameter, is situated below the centre of the bridge 
and forms the cop of the centre pier, Figs. 1637 and 1640; this girder is 8 ft. 2 in. in depth and 
3 ft. in width, ami rests upon the top of six cast-iron columns, each 7 ft. diameter, which ore 
arranged in a circle and form the centre pier of the bridge. Each of these columns has a total 
length of 90 ft., being sunk about 29 ft. deep in the bod of the river. A centre column B B, 7 ft. 
diameter, is securely braced to the six other columns by a set of cast-iron stays, which rapport the 
floor of the engine-room. This centre column contains the accumulator C, Fig. 1637, and forms 
the centre pivot on which the bridge rotates. 

The weight of the swing bridge is 070 tons. There is no central lifting-press, and tne entire 
weight rests upon a circle of conical live rollers EE, Figs. 1637 and 1640. These are twenty-six 
in number, as shown in the plau. Fig. 1638; they are each 3 ft. diameter with 14 in. width of 
trend, as shown in Fig. 1642, and are made of cast iron hooped with steel. They run between the 
two circular roller-paths D l), '.12 ft. diameter ami 15 in. broad, which aro made of cast iron faced 
with steel ; the axles of the rollers are horizontal, and the two roller-paths are turned to tho same 
bevel. 

The turning motion is communicated to tho bridge by means of a circular cast-iron rack G, 
Fig. 1640, 12J in. wide on the face and 6J in. pitch, which is shrouded to the pitch-line and is 
bolted to the outer circumference of the upper roller-path. The raek gears with a vertical bevel- 
wheel II, which is carried by a steel centre-pin .1 supported in the lower roller-path : and this 
wheel is driven by a pinion connected by intermediate gearing with the hydraulic engine. There 
are two of these engines, duplicates of one another, which arc situated at K K in the engine-room, 
Figs. 1639, 1610; and either of them is sufficient for turning the bridge, the force required for 
this purpose being equal to about 10 tons applied at the radius of the roller-path. Each hydraulic 
engine is a three-cylinder oscillating engine, ns shown in Figs. 1647, 1648, with simple rams of 
■4J in. diameter and 18 in. stroke. These engines work at forty revolutions a minute with a pres- 
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sure of water of 700 lbs. an inch, and are estimated at 40 horse-power each. The steam-engines 
for supplying the water-pressure are also in duplicate, situated at L L, Fig. 1639, and arc double- 
cylinder engiucs driving three-throw pumps of in. diameter and 5 in. stroke, ' 


, which deliver 


1635. 

Swinging portion. Elevation. 





in centre pier. 



Plan. 



Plan of centre pier and engine-room. 



into the accumulator. 

The steam-cylinders are 
8 in. diameter and 10 in. 
stroke, each engine being 
12 horse-power. 

The aocumnlator C, 

Fig. 1637, shown also in 
the sectional plan. Fig. 

1641, has a ram 10$ in. 
diameter with a stroke 
of 17 ft.; it is loaded 
with a weight of 67 
tons, composed of cast- 
iron segments suspended 
from a cross-head and 
working down inside 
the cylindrical casing 
formed by the eentre 
cylinder of the pier. A 
pair of cross-beams M M 
are fixer! to limit the rise 
of the weight. 

For the purpose of obtaining a perfectly solid roadway when the bridge is in position 
for the passage of trains, and also for securing the perfect continuity of the lino of rails, the 
following arrangement is adopted, shown in Figs. 1643 to 1646. Each extremity of the bridge 


Digitized by Google 


794 


BRIDGE. 


is lifted slightly by a horizontal hydraulic press N, FigB. 1643, 1644, acting upon the levers 
P P which form a toggle-joint ; the press has two rams acting in opposite directions upon two 
toggle-joint levers, which are connected by a horizontal bar Q, and this liar is confined to a 


1637. 


Section of centiv pier and engine-room. 



vortical movement by a stud sliding in a vertical guide, so as to ensure nn exactly jutrallel 
action of the two toggle-joint levers, in order thereby to lift the bridge end exactly parallel. 
While the end of the bridge is thus held lifted, the three resting-blocks It It, one under each 
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Enlarged section of engine-room. 


Sectional plan of Accumulator. 


Vertical section of rollei^patht and 
roller-frame. 


Loeking-jasr, $c. t at ends of Bridge. 

Plan of bridge end, showing locking-bolt and lifting-gear. 
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girder, are pushed home by means of three separate hydraulic cylinders 8 8, Figs. 1645, 1646; 
the bridge is then let down upon these resting-blocks by tho withdrawal of the toggle-joint 
levers P P, and the bridge ends are then perfectly solid for trains to pass over. The hydraulic 
cylinders N and 8 for working this fixing-gear at the two ends of the bridge are controlled by 
valves placed upon the centre platform in reach of the bridgeman, the pipes from the valves to 
the cylinders passing along the side of the roadway of the bridge. 

For the purpose of enabling the bridgeman to stop the turning movement of the bridge at the 
right place, an indicator is provided consisting of a dial with two pointers which are actuated by 
the motion of tho bridge. One of these pointers makes J#4J 

two revolutions and the other forty-two revolutions for .... ' , 

one complete rotation of the bridge ; they are similar to Longitudinal section showing locking-bolt 
the hour and minute hands of a watch. Tho bridge has _ » eating-block, 

no stop to its turning movement, and would swing clear 

past its right position if tho turning power were con- rnp . 

tinued ; but tho bridgeman being guided by the indi- 

cator, knows when to stop and reverse tho hydraulic j f , 

engines for tho purpose of stopping the bridge at its ^ ( 

right place. When this is done, a strong locking-bolt T, U-Ctibsss I 

Figs. 1643 to 1645, 3 in. thick, pressed outwards by a tfjO I i 

spiral spring, is shot out at each end of the bridge into a — ^ ~ jDaBu 
corresponding slot in the fixed girder, so as to lock the 

bridge; and when the bridge is required to bo opened, ' *r/ ' 

these two bolts are withdrawn by a wire cord U, Fig. 

1645, leading to the platform on which the bridgeman is ‘ ' itfii'iilM 


Plan of hydraulic engines. 



stationed. In consequence of tho lino of tho bridge lying in a north and south direction, the 
heat of the sun acting alternately on the opposite sides of the bridge produces a slight lateral 
warping ; and in order to bring the ends hack into the straight line after swinging the bridge, so 
as to enable the two locking-bolts to enter their slots, tho feet of the toggle-joint lifting-levers P P 
are bevelled off at 55° on their inner faces, as shown at I I in Fig. 1644, and bear against corre- 
sponding bevels VV on tho bed-plates. By this means tho ends of the bridge when warped 
are forced back into the correct centre line, in which they are then held secure by the locking-bolts. 
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As the accumulator is stationary In the centre pier, while the fixing-geftr at the ends of the 
bridge travels with the bridge in swinging, the comiu unicat ion of water-power is effected by a 
central copper pipe W, Fig. 1640, patwing up in the axis of the bridge through the middle of the 
centre girder, and having a swivel joint at the lower end. Also ns the bridge-man's hand-gear 
rotates with the bridge while the hydraulic turning engines are stationary, the communication 
for working the valves is made by a central copper rod X, Fig, 1610, passing down through the 


ISIS. 

Elevation. 



centre of the pressure-pipe W in the axis of the bridge. The hydraulic engines are reversed in 
either direction by the action of a small hydraulic cylinder, which is governed by the movement of 
a three-port valve actuated by the rod X from the bridgoman’s platform. 

Tho time required for opening or closing the bridge, including the locking of the ends, is only 
fifty seconds, the average speed of motion of the bridge ends being 4 ft. a second. For tho purj>owt 
of ensuring safety in the working of the railway line over the bridge, a system of self-acting signals 
is arranged, which is actuated by the fixing-gear at the two ends of the bridge; and a signal of all 
right is shown by a single semaphore aud lamp at each end of the fixed part of the bridge ; but this 
cannot be shown until each one of the loeking-bolta aud res ting-blocks is secure in its proper place. 

39. Calculation of simple lattice -girders.— General Methods . — The triangle is the only articulato 
polygon which is unyielding; in other words, a triangle composed of inflexible bars cannot yield 
except by the extension or the contraction of its sides under the influence of the forces applied to 
them. We shall give the name of simple lattice to a network composed of a series of triangles 
arranged os in Fig. 1649 : the whole collection of bare being regarded as a simple figure, the strain 
upon all the pieces will be determined by tho 
elementary rules of statics. The load consists of 
distinct weights I*, 1\, applied to the several sum- 
mits. The reaction Q of tho support A is easily 
obtained by considering the equilibrium of the 
whole figure. To find the strain borne by any 
single piece C E. imagine a plane N N r cutting only 
this piece and two others lit', EG, and seek the 
conditions of equilibrium of the portion of tho 
system included 1 m tween the piano N N' and tho 
support A. We obtain three distinct equations — two 
of projections, and one of moments — which determine 
the strains upon tho three pieces crossed by N N' ; 
for these strains appear as reactions of tho right 
portion of the lattice upon the portion under consideration, and the other forces Q, P . . , arr> 
known. 

But it is easy to avoid any elimination. If we make the secant plane pass through the point 
C, the strains upon the pieces B C, E C, will not appear in the equation of moments, and wo shall 
have at once the strain upon the section E G of tho side, by dividing tho moment of rupture about 
the opposite summit C, by the perpendicular let fall from C upon EG. The strain upon B C is 
found in like manner, in terms of trie moment of rupture taken with respect to E. Returning to 
the section N N', we have only to state the equation of the vertical projections of the forces, to 
obtain tho strain upon the bar E C in terms of the strains, already determined, of EG and BC. 

If we take the upward direction of the forces as positive, the stress will be positive ns long as 
the sum P -f P, 4- • . . of the loads between A and N N' is less than Q, and the moment of 
rupture will be positive if it tends to turn the figure in the same direction ns Q. If we find, for 
example, the strain T of the bur E C positive, this will indicate that the portion C O of the bar 
tends to raise tho portion EO, and. consequently, the piece C E is subject to a tensile Btrain; it 
will be, on the contrary, compressed, if T is negative. These conclusions would change if the bar 
were placed according to the other diagonal B U. 

40. We may also determine the strains by a graphical process, founded upon the observation 
that at each summit of the triangles the strains upon the pieces which join them are in equilibrio, 
otherwise this summit would be displaced. Thus, beginning at the abutment, we shall decompose 
Q in tho directions A B and A E, which will give the strains upon these two sides. Then in B 
we shall take the resultant of the known strain upon A B, and the weight P which is also known, 
and decompose it between B E and BC; this will give, without the sign, the strains upon these 
latter pieces. This operation must he continued for the other pieces. 
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41. A mixed process consists in calculating beforehand the strains upon the exterior sides or 
sections of flange by means of the moments of rupture, ns explained in 31*. Then we can at once 
in any summit, without fsuuting through the procoding ones, determine graphically the strains 
upon the two inner bars, the function of which is to destroy the known resultant of the strains upon 
the two sections of flange and the particular load which may bo applied to the summit in question. 

42. To pass from these general considerations to formula) more precise, wo must begin by 
fixing the form of the system. Let us consider the case of straight and horizontal flanges. On 
applying the foregoing process to this case, we see immediately that, to find the strain of an 
interior bar, it is useless to know the absolute stmius upon the two sections of flange which join 
nt one of its extremities; it is enough to find the difference of their strains; the function of the 
two lattice-lars being to counterbalance that one of the two sections which exerts a predominant 
horizontal thrust, and to support, if necessary, the load which may be applied directly to the 
summit under consideration. 

Now, this difference of strain depends upon the increase of the moment of rupture for a given 
interval, or, which is the same thing, of the transverse strain. The equation of equilibrium 
F 

between the vertical forces gives for the stress upon any interior bar, a being the angle 

sin. a 

of this bar with the horizon, and F the stress in the interval which it occupies. 

Thus, let CD N Ik* the locus of the transverse strains. Figs. 1650, 1651, the strain upon any 
l>ar EG of the girder A It H will be represented graphically by the length of a right line E* G', 
parallel to E G, inscribed between 
the axis of the abscissa) and the 
horizontal line representing the 
stress in the interval occupied by 
the bar in question. 

If the inclination a of the bars 
is constant, and we reduce in a 
constant proportion the ordinates 
of the locus C I> N, these latter 
will represent directly to a given 
scale, either the strains or the 
flections of the several bars. In 
the absence of a special plan of 
strains, the locus abed of the 
moments of rupture is sufficient 
to determine the strains upon the 
lattice-bars. For example, the 
stress relative to the lair EG is 
nothing but the tangent of in- 
clination of the right line c d with 
respect to the axis of the x’a, 
taking into account, of course, the 
proportion between the scales of 
the abscissa* and of the ordinate*. 

43. But the locus of the mo- 
ments of rupture is specially con- 
structed witn regnrd to the flanges 
of the girder : it is a polygon the 
summits of which correspond with 
the loads P, P\ The volume or 
the total weight of the lower 
flange will be projiortional to the 
area comprised between the axis 
of the r’s ami the broken line 
aef ghiklm; that of the upper 
flan ge will be given by a'nopqr s; 
and it will lie seen from the figure 
that the whole of the two flanges will lie proportional to the area abed . . . of the locus of the 
moments of rupture. 

Suppose the girder loaded with equal weights (/> + />') 8 placed at equal intervals 8, and 
the bearing / expressed by N 8. The polygon of the moments of rupture will be para- 
bolic, and its area will lie given by the formula obtained in 6. The double of this area, 
t 7800 

multiplied by t being the ratio = 0*0013 of the weight of the cubic metre of iron to the 
A it 



1651. 


admitted resistance, and h the height of the girder, will give for the total weight of the two 
flanges the value , say the ^ ^ the weight they would have in a 

girder loaded in a continuous manner, if the greatest section necessary in the middle were pre- 
served throughout the whole length. 

This expression docs not change whether N be even or odd. But if N be even and we substi- 
tute 2 m for it, the expression liecomcs * 1 , whilst for N odd and equal to 

24 A m 1 


2 m -f 1, it assumes the form 


2 (p + p')Pt m (m *f 1) 
3A (2m+ 1)* ‘ 
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In practice, this weight of flange should ho multiplied by n coefficient U designed to include 
the joint-plates and other accessories (see G3 and following sections). 

In the more general awe, wheu the extreme intervals have a length a different front 8, the 
bearing being expressed by 2 a + N 8, the weight of the two flanges together will Us 

(P-NP - 2u»). 

0 A 

The total theoretical weight of the lattice-bars may also be represented by the nrea of a 

F t 

geometrical locus, namely, that having for equation y = — , the inclination a being liable 

hid. a cos. a 

to wry from one bar to another, as well ns the stress F. Hut if there were vertical bars, they 
would elude this mode of calculation, ami we should have to consider them ajMtrt. 

We are now about to state the formulas giving the maximum strains ami the weight of the 
several parts of straight girders of regular shape. We call strut# the bars which are compressed 
by a load covering all the bridge, and braces or ties those which are subject to tensile force. But 
it may happen that a {otrtial load changes the direction of the strains. The struts, or at least 
some of them, usually require an excess of section to give them the necessary rigidity. Wc shall 
take this into account by affecting the theoretical weight with a coefficient the mean value of which 
is denoted by the letter V (ace fW and following sections). 

±4. Girder loaded in one point <miy. — The loud consists of a single weight P, applied to a point 

C, Fig. 1652. From A to C the stress has tho constant value — — , ; the struts, inclined at on 

a + 6 

. . . PA 

angle a, bear in this interval n constant compression - ■ t x , — , and the braces, inclined at an 


angle 0, n tension = 

r 


PA 


(« + A) sin. a ’ 

In the second interval, from C to B, the stress has the negativo 


(u + A) sin. 0 ' 

value — • R 1 * Strut* and braces affect, therefore, directions opposite to those which they had 

between A and C, and their strains are found in fLA 1653. 

like manner by dividing the stress by the sine of a ■ ® 
angle of inclination. 

When a girder supports a single weight, economy 
requires that the height should be increased and 
that the number of triangles formed by the bare 
should lie reduced. For example, the most econo- 
mical means of supporting a weight in the middle M __ 

of the hearing consists theoretically of two bars 

at 45° resting against each other at their summits, ,p 

and having their lower extremities supported upon abutments and held by a tie. 

If the single weight P is a moving one, tho maximum strain upon the bare having the same 
inclination will vary’ uniformly according to the same law’ ns the maximum whole stress, which 

reaches the value P towards the support, and is reduced to * P in the middle. 

45. Girders uniformly loaded on the upper side . — If the load rests directly Upon the upper flange, 
the several sections of the latter will undergo slight partial dcflc-ctions ; but these may be neglected 
when we regard the load as distributed among the upper summits proportionally to the intervals. 
This load is of two kinds : one portion denoted by /> per lineal metre remains permanently throughout 
the bearing ; the other portion, p per metre, is moving, that is, it may affect either the whole 



bearing or only any jwrtion of it ; the letter q denotes the ratio 


P 


Always supposing that the 


p + p' 

loaded points arc equidistant, we shall consider various particular figures, symmetrical with respect 
to the middle of the bearing. 

First arrangement, Fig. ll>53. The intermediate upper summits support each a weight p 8, and 



accidentally another weight j/8; but in the two extreme summits C and D, these weights are 

to | (* + 5^) and^ (a + jA^). 

According to 5, the stress will reach its maximum when the load extends over a j>ortion of the 
bridge only, and we easily find the following expressions. The several pieces arc numbered from 
the middle to each abutment, for any two symmetrical pieces arc in perfectly identical conditions. 
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A lengthening A C, D B, of the flanges, with upright stays at the ends, will bo found useful in 
practice for a load above ; but the formula} do not include this, unless, indeed, it be included in 
the coefficient U. 

Any strut, the order of which with respect to the others is expressed by n, supports the following 
maximum strain of compression : 
v 8 

(2 n - 1) -A + 

V ' 2 SUL ff 




s / A \ l 

4 sin.al m« + ) 

\ ton. a/ 

except the end strut, the order of which is m -f 1, and which will support only 
(P_Z 

sin. i 


sin. a \ 2 tan. a/ 


2 tan. 

As to the braces, the tension of the nth rockoning from the middle is given without exception by 

.{(»+»)(«+»-!) *+fch + <*- + * — !>•] 




4 sin. 0 (tn 8 + — ^ ^ 
\ tan. o / 


The flanges require a full load to produce in them the maximum strain. The compression of 
tire nth upper section is + <P ~ 1 (* — 1 )*] 1 ’"'Weh 


Bf ii r A 

gives for the firet which is the most heavily loaded — — I — 7 ^ + 


(2 m — 1)8 w* 8* 


tan. < 




pip'/ ft \ (n 4. p*} 8* 

Tension of the nth lower section = ( m 8 4 — ) -f — — [m* — (n — 1)*) ; sav 

tan. a \ 2 tan. a/ 2 A ' J 

. « P + P* f ^ 2 m 8 in* 8*1 

for the first, — 0 — I — =— + 4 — I . 

2 Ltan.*a tan. a A J 

Multiplying the strain upon a strut by its length and by the quantity t V, we shall have its weight. 
Then, summing the expression obtained, in which n takes the successive values 1, 2, 3, . . . m, 
doubling the result, and adding the two extreme struts (the order of which is m -f 1) calculated 
apart, we find : Total weight of the 2 (to 4 1 ) struts 


phtX 
sin. 5 o 


£m (m 


+ 2)8 + 


i-Mn 

tun. a J 


TO p' h t V 


2 sin. 2 a / 


( mS + te£i) 
{y< 7 "*’ + 12m — 1, + »«■ + 2)*]} . 

We have next, without a coefficient of stiffness : Total weight of the 2 to braces 


m 2 /) 8 A t 
: "sin. 2 0 


mp' ht 


;[f < 7m ’ -, > + t^(d^ + 3 " ,, )] : 


2 sin.* 0 ( to 8 + — - — ^ 

\ tan. af 

Then with coefficient U, for joint-plate*, and so on : 

Total weight of the upper flange = to (p 4 //) 8 / U [* - (4 m — 1) (to + !)"] : 

Ltan.'a tan. a « A J 

Total weight of the lower flange 

Total weight of the two flanges together = ^ . 

3 \2A A tan. 3 a/ 

This last result may be obtained directly by means of the area of the locus of the moments of 
rupture (see end of 6). 

46. Particular case a = 0 , and consequently — — = ^ , and the bearing i=(2m+ 1) 8. 

tan. a 2 

Strain upon the nth strut or the nth brace = ^JL ~“ ^ 4. ^ ^ 

2 sin. a 8 (2 m 4 1) sin. a 

Except the extreme strut, of order m + 1, which supports ^ : 

Compression of the nth end of upper flange = ^ ^m* — n 2 + m + n — : 

Maximum strain of upper flange = — 4 m — 

Tension of tho nth end of lower flange = ^ ( m* — »* 4 w 4 n — ; 

2 A y 4 / 
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Maximum strain upon lower flnniro = - ^ ( m * + »n 4- |J. 

Total weight of the 2(m + 1) strut. = £*!*! (* + 2«+ 'U &“*<*•? + 18l »~ » . 
* V sin.* a V 2/ 12 sin.- a (2m 4- 1) 

mil „ , m'pklt mp'k J<(28m>+ 18m — I) 

6 sin. 3 a 12 sin. 5 a (2 m + 1) 

If we substitute for the coefficient V, with which the struts alone are affected, a coefficient 
— ^ — applied to the whole of the lattice, we shall have : 


Total weight of the lattice = 


(2m-M)*(p + p , )8A<(l + V) 


And for the flanges, wo have : 


4 sin. 3 a 


— D 


i+ 


m ( 4 m- + 6 m — 1 ) 


3(2r,i + l? 


hi? 'J 


Weight of the upper flange = y — — - (8 m 5 + 12 m +1).’ 

12 A 

Weight of the lower flnnge = — — ^ — ^8 m* + 12 in* + 7 m + ^ j ; 

Weight of the two flanges together = ^8 m* + 12 m 3 + 4« + ?j. 

If a were of 45°, wo should substitute — * — for sin. a, and 2 A for 8; wo might, besides, subeti- 

V 2 

tnte for m the value — — — • 

4 A 

47. Another particular case : 0 = 1XT. We have sin. 0=1, = 8 ; the bearing becomes 

tan. a 

A 

2 (m + 1) 8, say 2 m' 8, making m = m' — 1. In the following value*, — — may be substituted 

for sin. a. Va 3 — & 


p't; 


Strain upon the nth strut (including the Inst, of order m') 

_ (2 » — 1) p 8 ^ (m' + n) (in' + » — 1) 

2 sin. a 4 m' sin. a 

C* • 4 k 41 k (2 « — l)p 8 (m' *f n)(m'4- n — l )/>8 

Strom upon the nth brace = — — — 4 — ; 

2 4 m 

Strain upon the nth end of the upper flange = ^ ( m>3 — n2 ) • 

Maximum strain upon the upper flange = 2^— (m* 3 — I); 

Maximum strain upon the nth end of lower flango = (»'+« — 1) (m* — n + 1); 


Maximum strain upon the lower flange = m* 3 




24 


Total weight of the 2 mf struts = *- fm* 7 n + ? m — - »'"] ; 

sm.* « L b J 

Total weight of the 2 (m' — 1) braces = (m' — 1) 8 A / j”(m' — 1) p -f- — - //J ; 


Total weight of the upper flange = 


m'(m' — 1) (4 m'-f !)(/> + p')&t l' 


6 A 


Total weight of the lower flango = m' («'+ 1) (4 m' — 1) 


(!» + />*) y<u. 


6 


Total weight of the two flanges together = m' (4 in' 5 — 1) 


(p + p) 3 3 1 IT 
8 A 


48. In the particular case a = IHP. the two middle struts will become one. For / and 8 constant, 
this ease will bo a little less economical thnn the preceding. 

4'.>. Second arrangement. Fig. 16 ;j 4. This arrangement differs from the preceding only in the 
fact that the loaded point falls in the middle of the girder. The dotted triangle in the middle 
resists only beneath the notion of a partial load ; it offers a defect of symmetry if a is not equal to 0. 
The weights applied to the extreme summits are inferior to the others, aa in the preceding arrange- 
ments (see 45). 

Strain upon the nth strut 
„ P n 8 ■ P 

~ sin.a h / 2 A \\ 

2 sin. a ( 2 m 8 — 8 -f- J 

\ tan. a/ 

Except the last (the mth), which supports — ^ ~ J^(2 m — 1 ) 8 -f — — J ; 

8 F 


dr(-+.)(-+.-i ) + ^|VA ; +»(i-+*.-i)]} i 
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Strain upon the nth brae© 

jt>»8 


bin.0 


f— — + ")<- + -»+ uL fc*T.+ •<»- + «-«]}; 

5 “ 8+ to^V 


2 sin. /3^2 m 8- 
Stmin upon tho nth section of the upper flange 

= (n _. + l)( B + B _ 2 )(Z+^ + |^[, ( 2„_ 2 . + ,) + _^_] : 

Which gives for tlie middle section, the most heavily loaded, 

m(m-l)(/> + l>')** . P + p' T/»_ ... , * 1. 

2* + 2ta5^ L (2m - 1)S + taS^J : 

Strain upon the nth section of the lower flange 

= (■. + »- 1) (»-.) JL.]. 

Which gives in the middle the same maximum straiii as in the upper flange. 

Total weight of tho 2 m + 1 struts, inclined at nn angle a, 

= «*£ r* + , (B . + » _i)i + — /* tv — 

sin. 3 a Ltun.a N J - , 2 A \ 

C sin.* a ( 2 m 8 — 8 + t I 

\ tan. at 

{*(14m*+ 3m' — 17m + 6)+ 8(6"‘ , + <>"'-5)]}- 

Total weight of tho 2 m — 1 braces, inclined at an angle 0, 


m (m — 1 ) p 8 A t 
sin.'*' 0 


p‘ ht 


6 Bin. 3 0 (2 m 8 — 8 + - ) 

\ tan. 0 / 

{*(14 m» - 21 m» + 7m) + JJL [ ( -^^ + 8(Gm»-6m + 1)]} ; 


Total weight of the upper flange 

(p + p^ptv . n*-"-!)* . 1\,1 (P+pOSfU 

= m (1 m + 1) (« - 1) — + 1 2ton , ' . +(■** — + t)*J Up. a ! 

Total weight of the lower flange 


= m (m — 1) (4 m — 5) - 


(/> + p*)9tV (p + i>')h*tl r _ 
tan. a tan. 3 a ’ 


Total weight of tho two flanges together 

= (2 m — 1) (p + p') 8 t U 


2m (m- 1)5= 
3A 


L- 1 

tan. a J 


(p -4- ;>’) A 3 1 XT 


50. Particular case a = 0, and consequently — ^ ^ • The bearing is then 2 m 8. 

tan. a 2 

Strain upou tho nth strut = — P(m -f- n) 3 — ^-1 ; 

sin. a 4 m sin. a L 4 J 

Except the last (roth), which supports (p + p’) ^ * ’• 

Strain upon the nth brace = + — ** - ? — ["(to + n)* — - | ; 

sin. a 4 m sin. a L 4 J 

Strain upon the nth section of the upper flange = — n 3 + 2 n — ^ ’ 


I 
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Strain upon the »ith section of tho lower fl Jingo = (m* - n* + i» - — ) ^ ; 

V 4 * 2 A 

Maximum strain in the middle of the flanges = fm* — . 

Total weight of the 2m+l struts (including ono side of the middle triangle) 

_ (2 ro* + 2m- \)pjfit\ (.V| m* + 48 m* - 26 m + 3) // 8A<V 
2 .'.in.- a 48 m sin.* a 

Total weight of the 2ra- 1 braces (including one side of tho middle triangle) 

_ m (m — 1 ) ;> 8 A t (56 m* — 48 m* — 2m+ 3) p' 8 h t # 
sin.* a 48 m sin.* a 

1 + V 

Total weight of the whole lattice, applying tho coefficient — ~ — , 

- (* »*»-!) (/> + *>')»*< (1 +V) [\ , 8 m* — 2 m -f 3 "1 
4 sin.* a L 12 m (4 w* — 1) ' 

Total weight of the upper flange = (16 m 5 — 10 m -f 3) ^ I 

Total weight of tlie lower flange = m (8 m* -f 1) ^ ^ ; 

12 A 

Total weight of the two flanges together = (32 m* -8m + 3) . 

24 A 

Tho weight of tho lower flange exceeds by />)& _ <! that ^ t j l0 U pj >er flange. 

If the inclination of the bare is 45°, tho value of tho strains upon them will be 
Wa[2j,« + ^( m +n+i)(m + n-i)], 

with the exception of the last or nth strut, which will support ^2m — (/> + p ' ) A */2. The 

total weight of tho lattice is = (4 m* — 1) (p + p') A* < (1 + V) £l -f ^ j * * n ^ ,0 

strains upon the flanges should be changed into 2 A, and in their weight into 8 A*. And in 

all tho expressions tho quantity ~ may be substituted for m. 

51. The particular case fi = DO"*, will offer a defect of symmetry in the middle, like tho 
general cose. The bearing l becomes (2 m + 1) 8. • 

The strain npon the nth vertical brace iap»8 + j/8 — **~ - W m and tJiat of the nth 

2 (2 m • f- 1 ) 

strut is given by tho name formula divided by sin. a. 

The nth section of the upper or the lower flange supports 

, 8* 

(m + n) (m — n + 1) (p + P ) 

Total weight of the 2m + 1 struts = m 

sin. a V b / 

Total weight of the 2m- 1 braces = m 8 A t ^(« — 1) p *f - — ^ — - p'^ ; 

Total weight of tho upper flange = m (m + 1) (4m — 1) (p + p) “«£”• 


Total weight of tho lower flange = m (m + 1) (4 m + 5) (p + P J ‘ 

2 , 8*<U 
Total weight of the two flanges together = ;«(» + 1) (2m + 1) (p -f p ) — - — • 

3 " 

52. Third arrangement. Fig. 1655. This arrangement differs from the first, in the fact of tho 
stnits being equal in number to tho braces, which will simplify the formulas. As the girder ends 
with n brace, it may be supported on the ends of the upper flange, ns shown in the figure. 

Tho weights applied to the upper summits are nil equal to p 8 for tho permanent portion, and 
to p'8 for the moving load. The maximum reaction of tho abutment, not including the weight 

which it bears directly, has the value (p + p') 8. 

3 r 2 


Digitized by Google 



804 


BRIDGE. 


185«. 



Stroin upon any nth strut = — — |(2 n — * 1) p -f (m + n) (m -f n — 1) I ; 
r 2 sin. a L * rn -J 

Strain upon the nth brace = ^ ^ ^ £(2 n — - 1) P + (m + n) (m -f « — 1) I 

(p + lf)8 f, 8 (2n— 1)1 

Strain upon the nth section of the upper flange = ^ |_v m ” n ) ^ + t an ~ g" J • 

Which gives for the first towards tho middle. ^ ^ ■ £(m* -i)^+ ; 

8 * 

Strain uj>on the nth section of the lower flange s (m — n -f I) (m + n — 1) (p +p r ) ; 

. . . m f ( P 4- p') 8* (p -f p') I 1 

Which gives for the maximum strain in the middle, — » pr ^ ; 

7m* -1 


Total weight of the 2 m struts = ?!* + a 

sin.* a L o 

8 ht / „ 7 m* — 1 A 

Total weight of the 2 m braces = ^ P J ; 


']• 


’(4 m + 1) (m - 1) 8 
6 A 


i£s] <U: 


Total weight of the upper flange — »» (p + p') 5* ^ 

, M mm-l)(m+l)B 

Total weight of the lower flange = m (p -f-p ) ” ^ nn ^ 

y /U 

Total weight of the two flanges together = m (4 m* — 1) (p + pO — • 

The difference between tho weights of the upper and lower flanges is expressed by 

m '( p+p ' )5,,u (sO-T)‘ 

53. Particular case in which a = B. The quantity — ^ - becomes - . 

Strain upon the nth struts and braces = r— r* — |(2n — 1) p + (m + s) (in + n — 1) — ) ; 

L sin. a L ZmJ 

Strain upon the nth section of the upper flange = (w* — n* + n — j (p + p') — ; 

Strain upon the nth section of the lower flango = (m — » -f 1) (m + n — 1) (p -f p') — ; 


Total weight of the 2 m braces = ( p + p0 ."VJAL [l+ ~ — — ^ ; 

sin. a \ ti / 

Total weight of the 2 m struts = the preceding expression multiplied by V ; 

8 s f U 

Volume of the upper flange = volume of the lower = m (4 m* — 1) (p -f p*) — — , 

6 A 

If the inclination of the lmrs is 45°, the strains upon them will bo calculated by the 
formula A si 2 £(2 n — 1) p + (m + n) (m + n - 1) 2 '*- J , and their total weight, struts and 

braces together, by 4n»* (p + p') A* t (1 -f V) ^1 + ~ q ^ . 

The total weight of tho two flanges will be 8m (4 m* — 1) (p-fp') h and in the 

expression of their strains ~ should be changed into 2 A. We may also substitute for m. 

in 4 A 

54. Particular ease in which $ = 90°. The strain upon the extreme ends of the upper flango 
is rendered nul, and the extreme braces are simple suspension-rods, necessary only on the 
hypothesis that the point of support upon the abutments is taken at the height of the upper 
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flange. But if these suspension-nxls be suppressed and the girder supported by the bottom, we 

shall have exactly the cose in 47. Our present formula} would give Sht ^m*p + — ^ — - p’^j as 

the total weight of the brace*, including the su«i>er»sion-rod8 ; but the suppression of these latter 

will reduce the weight to (»« — 1)* 5 A t ( p -f • ■ — — p' | , as in the section above referred to. 

V t) (m -f 1 ) J 

In the case in which a = 90 J , the two struts in the middle become one. The hyj»othcsea 
a = 90 or 0 — 90 introduced into the general formula} of 52, both give the same total weight 
for the flanges and for the lattice. 

55. Fourth arrangement, Fig. 1050. This figure dift'urs from the preceding, in the fact that 
tho middle of the girder does not coincide with one of the loaded poiuts, but fulls in the middle 



of an interval. The dotted triangle, in the middle, offers a defect of symmetry, if a differs from 0 ; 
it does not resist when the load extends throughout the length ; one of the bans which compose 
it is regarded as a strut, the other as a brace. 

Strain upon the nth strut = — I n p + ■ — . ■ , - p I ; 

sin. a L 2 (2 m + 1) J 


Strain upon the nth brace = -r— -r ["»;> + 
r sin. 0 |_ 


(m -f «) (m -f n -f 1) / 


] = 


2 (2 m + 1 ) 

Strain upon the nth upper horizontal section 

= (« - » + D 0» + ») (p + /0 ^ + (» - 1) (p + p') ; 

s 3 

Strain upon the nth lower horizontal section = (mi - «+)(m + »)(j> + p') - , ; 

2 A 
KS 

Maximum strain in the middle of the flanges = m (»» + 1) (p + p ) ^ : 

(»«+ l)8AfV / 7 \ 

v 6/ 


Total weight of the 2 m + 1 struts = 
Total weight of the 2 m + 1 braces = 


sin * a 

w (m + 1) 8 A t 
sin . 1 0 




Total weight of the upper flange = m (m -f- 1) (p + p') 8 s t U * -f 1 ; 

L b A tan. 0j 

Total weight of the lower flange = m (m + 1) (p 4- p') 8? # U P * it *** -■ - — ; 

L bn tan.jSJ 

Total weight of tho two flanges together = ^ m(m 4- 1)(2 m 4- l)(p + p’) -■ * . 


5ti. Case in which a — 0. 


Strain upon tho lattice-barn = * — [n p 4- "V 

t sin. a L r 2 (2 


( m 4- w 4- 1) 

«4- 1) 


] = 


Strain npon tho nth upper horizontal section = (m 3 -«* + m + 2n-l)(p+p') — ; 

2 A 

Strain upon the lower horizontal section = (n» 4- n) (m — n 4* 1) (p 4- p') ::-r ; 

2 A 

Total weight of the lattice = m ~ m + D ^ A fO 4* D (p + Z . 

sin.* a \ 6 / 

Total weight of the upper flange = weight of the lower flange 

8 3 1 U 

=: m(m + l)(2m+ l)(p+p) -jj-- 

1 

If the inclination is 45°, ~rr: may be substituted for sin. a, and 2 h for 8. The quantity m is 
v 2 

then equal to — — ^ . 

57. Tho case in which 0 = 9(f is similar to the corresponding ease of tho second arrangement 
in 51. There will bo nothing changed except tho total weight of the braces, which will amount 
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here to m (m + 1> 8A * ^ />*)> 011 nocount of their number being 2 m instead of 2 (m — IX 

the extreme braces serving only to suspend the girder from the upper points of rapport. 

58. (j intern uniformly lotnlcd on the lower side. — If we turn upside down the various systems 
which we have been examining, the loud will be tramq>med to the lower side, and we shall have 
merely to apply the same formula' with the signs of the strains changed ; the lower flange will 
have become the upjx.*r, the struts braces, And rice verm. We must also change a into 0, and 0 
into a, the symbol a King always applied to struts and 0 to braces. 

We shall consider only the two arrangements shown in Figs. 1G57 and 1058. The first is 
obtained by reversing the third arrangement of girders loaded ou the upper Hide, Fig. 1055, and 
the second by reversing the fourth arrangement. Fig. 1050. 



The formula} applicable to these two arrangements and to their particulnr cases will be found 
in Table VIII. 

5i>. Inclination of the Lattice-bars , — When the inclination a of the bars is quite arbitrary, it 

F t 8. 

should be taken c-qtial to 45°, for a bar crossing an interval 8, will weigh -- ■ _ — , which 


amounts to 


Ft 


sin. a cos. a 


the lineal metro of girder : now this expression is a miuimum when a = 45°. 

sin. a cos. a 

lint simple lnttiec-ginlers are usually divided into intervals of a given length 8, which form 
tlie base of triangles the other sides of which are a stmt inclined to an angle a and a brnco 
inclined to 0, so that these two angles a and 0 arc an implicit function one of the other, for they 

c/0 sin. 3 0 

are connected by the relation h (cot. a 4- cot. 0) = 8, whence -r— = r-=— , 8 and A being rc- 

J ' 1 da sin.* a 

gnrded ns given constants. The weight of the two bars of one of the triangles bns the value 
„ , / V 1 \ » .. % . . , , V cos. a cm. 0 r/0 

FA t 1 + — — t- I , and it becomes a minimum when wc have — — . ■ • — = 0, 

Vain.’ a sin.*0/ sin. 3 a sin. 3 0 da 

whence - a - = V. It would, therefore, be necessary to give the struts an inclination nearer the 
tan. 0 

vertical than the braces. 

ISO. It is easy to solve the question from a more general point of view, by attributing distinct 
coefficients to each of the two flanges and to each of the two systems of bars, as if, for example, 
these different parts were made of different materials. On this hypothesis Jet { denote, for the 
upper flange, the value of the lineal metre of a prism capable of bearing a net strain of 1 kilo- 
gramme, taking into account the joint-plates ami other accessories. Let £,* £*« "*“1 V be the 
analogous quantities relative to the lower flange, the struts, ami the braces. And let us take, by 
way of example, a girder loaded on the lower sido of the system of Fig. 1057, in which / is 
expressed by 2 m 8. 

The total value I* of the girder will Ik? given by the formula) of weights of Table VIII., by 
suppressing the factor t and the coefficients U V, and substituting for them the new coefficients 
and so on. If we put 




4 w* - 1 
0 m 




and — 1 (£ -f {,) — — 0 = c\ and substitute the value 


cot. a + cot. 0 


for A, and — for 
’ 2 m 


8, we shall have F = 7 (p + |0 1* { —7 7 7-7. (- Ai r + . + c 00L « + c* cot. 0} + Cl ; 

4 \ cot. a 4- cot. 0 Vaiu.® a sin.* 0/ l 
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ft is the additional term intended to include accessory pieces, such ns gussets, and so on, regarded aa 
independent of A, aa well na of the angle* a and 0. The quantities a, <*', c, c\ are alao constants, 
for 8. and consequently m, ia given ; the height A ia arbitrary, luit na it has beeu eliminated, there 
remain only the two independent variable* a and 0. For the minimum expanse, the partial 
derivative* of P, relative to a and to 0, must be nul separately, which will give the equations 
(a ■+■ 0 cot.* a + (c — a ’ ) cot.* 0 4- 2 (a -f- c) cot. a cot. 0 — a — a' = 0, 
and (c — a) cot.* a + (a' •+• O cot . 1 0 + 2 (a’ -f- O cot- a cot. 0 — a — o' = 0. 

Subtracting one from the other, member by member, we obtain an equation of the second 
degree to determine the proportion of the cotangents or of the tangent*. Wo deduce from it 

r~-~z = — 1. first value inadmissible, and — — = 
tan./J tan. 0 

2{, ( 1 + ! ^ ,? ) + { '- { 


2 n 4- c — c ' m 
2a — c + c' 


Elimination lends to 
tan. a 


2{ "( 1 + " W ^ , ) -£, + { 


Z 

1 


7 — i 5 — r and tan. 0 = . , 

2r ( 1 + - 6 ir«) + f - f > 2f, ( 1 + ’^-’) + £ '- £ 

Z denoting the radical 

^ 4 ff " ( l + + 2 «' ~ {) «" - f >( 1 + 


2(4 m* — 1 ) 


(f+w (i- -0(1 + ^*). 


3 m w '\“ # 6* 

Consequently, the dependent variable h will have, ns a minimum, the value 

IZ 


h. = 


4 »•(('+ 0(1 + 


In a girder consisting entirely of iron we have not to distinguish different materials, but the 
distinction of coefficient* may exist from other causes. If, for example, wo wish to impute upon 

the upper flange ™ of the coefficient U imposed upon the lower one, we must substitute KU< for 
K 

f, U t for , V t for £*, and t for P then denoting the total weight of the girder. But it must 
be remarked tlint the. preceding calculations supptsu that we may regard as constant the co- 
efficients U and V, whilst it would he more exact to consider them as functions of the height. 
With Uiis observation, when both flanges are affected with the same coefficient (K = 1), wo shall 
have 


tan. a 
tan. 0 


= V,A, 


' V 

2*»(Y -f 1) 


V + 2 m 


\ m 1 - | 

6 m’ + (w* — ■ 1) 


(V+1)U. 


61. Analogous calculations for the case in which / = (2 m + 1)8, Fig. 1531), would give as a 
minimum 


ton 

tan.£ 


. 2f(l + l«) + { ,-t 


, and = 


l Z 


Z denoting the radical 


2r(l + ^?) + {-£ 1 1 2(2>* + l)(f+0(l + ! »)’ 


V i(l+ i 7 )[f{"(l+ 4 -?) + {f + {.{"+ | (4 m - 1) (( + {,) <X + n] + « - {.)’• 


For bridges constructed of plate iron, wo should make £ = £, = U /, £ = V t and = t ; and, 
consequently, we should take, U and V being regarded as nearly constant, 


tan. a 
tan./9 


= V, and A, 


i y/y, U6m-l)U(V+l ) 

(2m + l)(V+l) I 

3 + O'? 


lint as a function varies little when near a minimum, wo need not bind ourselves to follow strictly 
the rules obtained for the best proportion of the inclinations a and 0. Thus they are generally 
made equal to each other, which is of a more satisfactory as[Mjct. 

62. Dt flection. — The deflection of a simple lattice under the influence of a certain load will, in 
general, be easy to determine, when we have the sections of all the pieces and the exact figure of 
the system under a determinate load given. Then the haul, the effect of which we wish to consider, 
will produce upon the several |»»rts extensions or contractions easy to calculate, so that we can 
know the length of all the pieces after deflection, and the angles may afterwards be found by 
trigonometrical formula). The determining figure being known, wc may deduce the curve of the 
flanges, the inclination at their extremities, and so on. 
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Coefficient U aftplicafAe to the Flan^jes.-— Coefficient of stiffness V. — Supplementary term ft, — General 
form of the Formula for Weight.- — 63 . Coefficient U. This coefficient is intended to take into 
Recount the joint-plates of tin* flange*, and, beyond this, the impossibility, in practice, of reducing 
the latter exactly to the dimensions given by calculation. 

1, Joint-plates . — The narrower an iron plate is, the longer it may lie, so that small girders will 
cost proportionally less in joint-plates than large ones, llut even for these latter, with plates of 
0*80 metre broad, for example, we may reckon upon lengths of G metres. If at each joint we have 
a distinct joint-plate of O' 80 metre long (0*40 metre on each side of the joint), the quantity to be 

added the metro of plate would bo s 0*134; but wo may reduce this figure to 0*11, in 
G 

consideration of the fact that the angle-irons of the flange may reach lengths of more than 12 
metres, and, consequently, will cost less in joint-plates than the plates of the Manges. This addi- 
tional quantity of Oil may be regarded as the highest limit of the cost of joiut-plutea in the cusc 
of flanges of inconsiderable section composed of a single horizontal plate. 

Hut when the maximum moment of rupture requires a strong section of flange, they are com- 
posed of several plate* placed one upon another, and in that case a single joint-plate may verve 
for several joints placed after each other at intervals of O' 40 metre. For example, a joint-plate of 
1*60 metro may cover three joints, which will reduce the additional quantity to 0*080. If we 
consider us an hypothetical limit an extremely low’ girder, such that the number of flange-plates 
shall be very great, the joint-plates would be ns long ns possible, ami would have a tendency to 
weigh, for each joint covered, only the half of the weight of a distinct joint-plate of 0*80 metre. 
Wo may thus include the joint-plntes in our calculations by applying to the flanges a coefficient 
varying from 1*0G to 1*11, according ns these latter are of great thickness (ns if the height were 
mil), or, on the contrary, reduced to the minimum section that may practically be adopted without 
depriving the girder of its necessary rigidity, having regard to its other dimensions. These 
figures may be reduced a little in the case of plates 0*30 nr 0*40 metre broad, for example, which 
would allow* us to reckon upon lengths greater than G metres. 

In heavy girders the number of plates diminishes towards the extremities, and it will bo only 
in the middle that tbe coefficient may reach the limit 1*0G metre. But, to compensate this, it 
often happen* that at the extremities the first joints of the first plates may bo covered by increasing 
slightly the length of the strengthening plates. 

2. Excesses of Section . — The section of the flanges cannot bo, throughout tho length, reduced 
strictly to the value required by caleulation, chiefly on account of tbe facts that the variation 
takes place by reduns or gradations, and that at those point* in which the moment of rupture 
is inconsiderable, we cannot practically reduce the »ectiou below a certain minimum. Instead of 
a small number of very thick plates, we shall find it a saving of materinl to employ a larger 
number of less thickness. But to abstract these thicknesses, let us consider, ns above, the limiting 
cases. If, in the first place, the height were nul, the number of plates of ordinary thickness 
would be very great, nnd the redans would be only an imperceptible fraction of tin* total weight. 
If, on the contrary, the height reaches a value H, such that the weakest section that we wish to 
give to the flanges shall be sufficient in the middle, the flange will be prismatic instead of forming 
a parabolic volume, as the formula* for tho cose of a continuous load suppose. To establish tho 
prism in its integrity, we must multiply the value of the formula by a coefficient of 1 *50, affecting 
generally the joint-plates which increase in the same proportion. 

64. Thus the total coefficient U to be applied to the flanges for joint-plates and excesses of 
section may be taken equal to 1*06 for A = 0, and to 1*11 x 1*50 = 1*66 for tbe limiting height 
H, which renders necessary a constant section in the flanges. We may, therefore, approxiinatively 

adopt, for any value of A, U = 1*00 + 0*60 — • 


Usually the volume of the flanges is inversely proportional to A, so that the second term of U 
will give a quantity independent of A. Consequently, in seeking the most economical height, this 
constant term will have no influence, and we shall have simply to substitute 1*06 for U. 

G5. When the load is applied to certain intervals only, wo may still admit the preceding 
expression of U. Yet, from the observation in 43, it will Ik* more exact, if this bearing is divided 

\3 

into N intervals, to multiply the theoretical weight by 1*50 , instead of 1*50, when there 


is occasion to return to the prismatic, form in the case of the limiting height H. Tho coefficient 
will then be expressed by the function U = 1*0G + — — — 1*06 

In simple lattice bridges, U has a tendency to increase slightly on account of the vertical rods 
serving to fix the bars, for these rods give a certain rigidity to the flanges which affects tho 
resistance by easing the oblique bars, but at the same time by producing in the flanges deflecting 
strains and nn unequal distribution of pressure. The best way to take this into account is to 
consider the two flanges as forming a solid whole resisting by its summit of resistance. 

In girders loaded in a discontinuous manner, theory itself requires that the flanges should vary 
by Midden leaps from one section to another, but we cannot wholly get rid of tho loss occasioned 
by the redans, on account of the difficulty of making the extra thicknesses prescribed by calculation 
coincide exactly with the usual thicknesses of plate iron. 

66. The limiting height H to be considered in calculating l J, may be taken equal to 
being the minimum section that wo wish to give, or that we may give, to the flanges. Consequently 
the value of V, considering onlv the case of a continuous load, will be U = 1*06 + 4*80 ■ 

(r + r) p 


h 

ii* 
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In a girder composed of triangles, we may regard as nearly constant the ratios - and or at 

least if .% has a tendency to tie proportionally a little stronger in small girders than in lar^e ones, 
so that U will decrease slightly when A, and consequently /, increases ; ' 


; bn the other hand, small 

girders cost less in joint-plates, and we may, therefore, regard U ns expressed by 106 -f 
c being a constant independent of /. 


P + p' 9 


67. The preceding remarks concern straight girders. In bow-string girders, the joint-plates 
will have the same proportional value, but if the lower flange be straight, it will have a constant 
section, and there will In' no loss for redans ; besides, the section of the flanges is utilized quite 
to the extremities, whilst in straight girders there is always an excess of section at the ends. On 
the other hand, the bow and the chord, or stringer, in a bow-girder are fixed together at the end* by 
iron plates, which may be consider!*! as forming an integral part of the flanges. When the height 
is inconsiderable, the strain between the bow and the chord will be great, and the gusset must be 
very long, but its mean breadth will be less than in a girder having a versed sine or rise of great 
magnitude. Thu coefficient U will vary but little in bow-string girders, and mav bo taken from 
1*25 to 1*35. 


68. Coefficient of tiijfneta V . — The pieces subject to compression have a tendency to deviate 
from the straight line when they have a weak section and gn at length ; therefore, we are obliged 
in such rases hi give them an excess of section, that is, instead of calculating them for a pressure 
of 6000000 kilos the square metre, we shall calculate them for a less pressure K ; or having cal- 
culated them for 6000000 kilos., we must multiply the section so obtained by a coefficient 
_ 6000000 
V R ' 

For flat bars, simply abutting against others at their extremities, we may, from the results of 
experience, admit the following figures : — 


Ratio of the length to \ 


1 i i 





the tliicknCH — , 16 j 

SO . 25 30 1 35 I 

40 48 | SO 66 60 66 70 

1 1 

75 

60 

90 

100 

Rcsistanco tike square 1 _ L. nn I 

5*30 |4*76 1-4*25 3*00 

3' 55 3-25 3 00 2-70 2*50 2'30 12*10 

2*00 

1*80 

11*50 

1*20 

CoHDcknt of incnMM V = l * 0 ui» 

1*133 1*263 1-412 1*63# 

1 

1 *690 1*616 2*000 2*222 2*400 3- 60S 2*857 3*000 

i * 1 1 1 1 1 

3*333 

4*000 

5-000 


The liars of lattice-girders being usually attached at their extremities by several rivets, mav bo 
regarded as welded or shut on, anil we shall obtain additional security by observing the preceding 
data. 

But flat liars have precisely the worst possible form to resist a strain of compression. This 
obliges us to increase the number and to place them near together, in order that each isolated part 
may have the necessary rigidity without giving to V too high n value. But the rivetings at the 
points where the bars cross each other are not All-sufficient, for the compressed bar* are badly 
supported by being fixed to other bars as flexible as themselves ; when the number of lattice-bars 
become* great and, in consequence, the sections become very inconsiderable, the stmts may yield 
by numerous deflections, twisting the braces, some in one direction, some in another, an effect 
similar to the wrinkles which show themselves upon a thin membnuie stretched in a frame, when 
the angles of the frame are distorted. It follows, that we ought to employ flat bars only for girders 
of small height and heuvily loaded, unless, indeed, the rigidity of the vertical middle part of the 
girder bo sufficiently provided for by upright stays. If these stays serve no other purpose than to 
stiffen the part in question, it will generally be better hi suppress them and to strengthen directly 
the resisting lattice-bars, either hv increasing the section, or better, by adopting another form, 
such as that nf angle or J iron. The braces, if nothing prevents it, should be constructed in the 
tame way, because their rigidity, useless to themselves, lends a support to the struts. Sometimes 
these upright pieces are needed to fix tie-beams on one side only of the girder ; it will be sufficient, 
in this case, if they project upon this same side, which will allow us to construct half of the oblique 
l»ara of stiff iron, the mouldings of which shall be turned in the opposite direction, to avoid cutting 
them away at the points where they cross each other. 

69. The influcuce of the form of the sections being established, it remains to be seen how we 
can consider the rigidity in the various cases which may present themselves. 

Now the curve which a piece under the force of compression tends to assume is a real deflection, 
which requires, not a certain area of section, but a sufficient moment of resistance. In plate iron 
we may regard the thickness as being nothing but the ratio of the moment of resistance M expressed 
by the coefficient It = 6000000, to the section S expressed in square millimetres. Thus, to gene- 
ralize the Table in the preceding section, it is sufficient in the ratio * , applied to any section, 


to substitute the ratio 


M 

8 


for <*, which we nmy call reduced thickness, or imaginary thickness, in the 


direction in which deflection is to be fee ml, and in which the moment of resistance M is taken. 

70. When compressed bars are unsupported throughout their length, as is the case, for example, 
in girders formed of simple triangles, they should have a section possessing a rigidity equal in all 
directions. Such would be the round form, but it offers practical difficulties. 

The section in the form of a cross with four equal. branches, may be advantageously employed : 
it offers a moment of inertia constant in all directions. As to the moment of resistance, which 
depends on the distance of the fibre subject to the greatest strain from the centre of gravity, it is 
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V 2 times greater in the direction of the lines bisecting the angles than in the direction of the 
arm* ; but as deflection will always take place in the weakest part, wo can reckon only upon n 
reduced thickness, exceeding but little the dimension of one of the four arms, when these latter 
have a constant thickness. Figs. 1059 to 1007 represent some sections in the form of a cross. 


1659. 1660. 1661. 1662. 1603. 
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composed of angle-iron and plate: this mode of construction causes irregularities of thickness, 
and the moment of resistance is affected by it according as the material is accumulated toward* 
the centre or towards the extremities. Under each of the stations in the figures will be 
found the reduced thickness, taken in the direction of least stiffness when the brauchea arc not 
identical. 

71. The single T is more convenient for fixing than the section in the form of a cross, and it 
offers also a slight advantage from the point of view of resistance in the direction of the web.. If 
we consider only the moment of inertia, it is easy to make it rigorously equal N / leas. 

in all directions. To effect this, wo have merely to proportion the arms ami \ / H 

the web so that the moment of inertia in their roa|**ctiTe directions C 1) 
and A B, Fig. 1008, shall remain the same. In fact, on account of the 
symmetry, the directions at 45° M X and M' X' give equal moments of 
inertia : the centml ellipse of inertia will, therefore, offer two BVsteniB of 
equal rectangular diameters, which is found only in the circle, but, ns is 
the case with the cross, the moment of resistance will be smaller in the 
principal directions than in the others; and if the reduced thickness is made 
equal in these two directions, we shall reckon only upon the value which it will so possess as 
if it remained constant in all direction*. 

The double f cannot be made to resist equally in its two chief directions, because this condition 
would require flanges of excessive breadth. 

72. For bars of small dimension we may employ single angle-iron. This form offers least 
stiffness in the direction of the line bisecting the augle. If the angle-iron is thin and its branches 



have a breadth c, we may regard the minimum reduced thickness as equal to —p= or 0*7 c. Tho 

v 2 

central ellipse of inertia of such an angle-iron has its major axis double tho minor ; the minimum 

2 

moment of inertia, a quarter of the maximum, is - of the moment of inertia in the direction of 


one of the branches. 

As an application of the foregoing, suppose a bar compressed by a strain of 5 tons, upon a free 
length of 3 metres. An angle-iron of O’USO metre broad will give a minimum minced thickness 

o 

of about O'Oofi metre, and tho ratio of the length to this thickness w r ill be = 53. This 

0 " OoO 

value authorizes the adoption of R = 2 k, 8 per square millimetre, which len<la to a section of 1790 
square millimetres; this section will bo obtained by giving to tho angle-iron a mean thickness 
equal to 0 012 metre. If this thickness did not suit, we should try an auglo-iron of a different 
breadth. 

We must proceed thus tentatively for every question of the same kind. Wo may calculate 
in advance the compressions which a certain number of model sections will boar, under various 
lengths, nnd these data will serve as a guide in determining, at sight, the modified sections which 
will suit given cases. 

When the load is great and the length inconsiderable, wo may adopt thicker sections and 
suppress the coefficient of stiffness. It is advisable, however, in such caws, to preserve an excess 
of rigidity. 

73. Iu multiple lattico-giiders, a compressed bar is fixed, in tho points where they cross, to 
other bars subject to tension, but which generally act more effectually against a deflection in tho 
plane of the vertical because they cannot resist a deviation normal to this plane; in fact, if tho 
brace* arc flexible bars, they will resist perfectly a strain of tension directed in tho direction of 
their length, but very badly a transverse strain, which would bend them in a very marked manner. 
Thus, with regard to deflection in the plane of the vertical, we may consider the compressed bar 
a* subdivided into shorter portions which may bo stiffened separately ; and as to deviation out of 
the plane of the vertical, it will be better not to reckon upon the tension of tho braces, but only 
upon their rigidity which will supply what is wanting to the strut. The connection at the points 
where they crosa each other may, therefore, improve the relation of the length to the reduced 
thickness, in the plane of tho vertical because it reduces the length, and in the direction normal to 
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this piano because the rigidity of the braces assist* that of the struts. However, this must not 
induce us, from the point of view of rigidity, to multiply the lattice as much as possible, for so wo 
weaken each liar taken individually, and we should at length produce a girder the vertical portion 
of which would be liable to crumple up like a thin sheet of iron. 

74. Let us consider the case of a simple cross formed by two liars of the same length and the 
same section : the strain of deviation which tends to throw the centre of the cross out of the piano of 
the vertical meets with an equal resistance from each of the two bars, omitting the special effect 
due to the tension of the brace ; consequently the strut will he required to furnish only a moment 
of resistance ora reduced thickness, less by half than in the case in which it is isolated. Although 
its resisting section is not increased, it will he regarded as having the same reduced thickness ns 
a single piece formed by the superposition of the two branches of the cross. 

When the brace has less rigidity than the strut, the latter 1 M 9 . 

must he more rigid in the direction normal to the vortical. 

We may give it a reduced thickness equal to the sum of its 
own and that of the brace. 

75. The vertical bars which arc sometimes applied to a 
lattice to consolidate it, act in an analogous manner. Having 
uo longitudinal strain to bear, the area of their section is 
of little consequence ; they act only by their moment of resist- 
ance. 

Suppose, for example, Fig. 1609, a flexible liar A B, held 
in its middle C by a rigid vertical bar D E. If the latter were 
absent, the bar A B could he suhjirtcd to a compression of 
0 kilogrammes a square millimetre only under the condition that the ratio of its length A to its 

reduced thickness -g- (see 69) did not exceed 15 ; which is equivalent to Baying that it should 



have a moment of resistance at least equal to !_■ (the section S being expressed in square milli- 
metres), precisely os if the point C were subjected to a transverse strain equal to -y^ ; but as the 
bar is, of itself, incapable of resisting this strain, wo may impose it upon the vertical bar which 
on this account should possess u moment of resistance equal to - , the section 8 being, not its 

own, hut that of the bar to bo strengthened. Thus, by its less length, the vertical bar may 
furnish a determinate rigidity with a less moment of resistance: it is, however, generally better to 
increase the section itself of the bur and to suppress the vertical, for by that means we diminish 
the pressure jx?r unity of surface, which requires less rigidity. 

If the bar A 13 already possesses of itself a certain rigidity, it may take a portion x of the 

x A 3 

strain of deflection in C. It will then be deflected by a quantity - ■ ■-= (E = modulus of elas- 

4h £ 1 


ticity, I = moment of inertia) which, on account of their being fixed together, must be equal to 
the versed sine of the arc assumed by the vertical bar; this condition gives the equation 
/ A* a' 3 \ 48 a' 3 

x p J = -y- p , whence wc deduce x. Consequently the vertical bar will be required to 

furnish only a supplementary moment of resistance equal to ^ — a/) y • 

We might apply analogous considerations to the less simple ease in which C is not the middle 
either of the oblique or of the vertical bar. 

For a cross formed of two bars of the same section and the same free length A, we shall have 
2 8 * 
x = — , and each bar will furnish, as we have already seen, a moment of resistance equal to the 


half of that which the compression-bar ought to have, if it were deprived of all assistance. 

76. In a multiple lattice with flexible braces, the struts must bo capable of greater transverse 
resistance in the direction normal to the vertical part of the girder than in the direction of the 
vertical part. Figs. 1670 to 1681 give as examples various sections, with their reduced thicknesses 
in the direction of greatest resistance; it will be seen that the forms in (J or double J are very 
good, for they give reduced thicknesses w hich exceed by much the apparent dimension. 

If, for instance, wc have to construct n piece 8 metres long, capable of resisting a maximum 
strain of compression of 10 tons only, the fifth section gives as the ratio of the length to the reduced 

thickness = 50. According to the Table in G8, the piece ought to bear a strain of only 

0 1 o9 

3 kilogrammes a square millimetre, and it is capable of bearing 3500 X 3 = 10500 kilogrammes, 
which is something more tluin sufficient. Adopting this section, the coefficient of stiffness would 
be 2*10 : but it would be more advantageous to adopt a U iron of less weight. 

77. The principle of increased section in the middle applied to the connecting-rods of 
machines, may also be adopted for the struts of very important girders. This may )»e effected 
by applyiug plates to the middle of the piece, precisely as in the case of girders loaded trans- 
versely. 

It is always useful, in multiple lattices, to give to the tension-bars sections with projecting 
mouldings, at hast as much ns possible without making the area of the section exceed the value 
corresponding ton strain of 6 kilogrammes the square millimetre. When the length becomes so great 
that this condition of area, applied to the struts ami braces, does not allow us to realize a sufficient 
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rigidity, wc must have reooiireo to a coefficient of increase V, which may bo exclusively applied 
to the struts, or divided between these and the braces when nothing prevents us from giving to the 
latter continuous projecting mouldings. 

Sometime* accessory arrangements contribute to stiffen the vertical portion of gin! era : such is tho 
case, for instance. Figs. 1580. 1585, where the cross- girders are placed in the middle of the height. 

These various considerations no doubt ore not exhaustive, but they will be sufficient to onnblo 
us to choose, in every case, the best forms; and when it may be done at a small cost, it will always 
be prudent to liave an excess of rigidity. 

78. When we wish to find as near ns possible, without going through a complete calculation, 
the weight which a girder fulfilling certain given condition* would have, we may proceed as 
follows to find the value of the mean coefficient V to be applied to the parts of tho lattice under 
compression. 

We calculate the strains Q , and Q, upon the strut w hich bears the least strain (in the middle), 
and upon the one which bears the greatest strain (at the end); then, having regard to their length, 
we consider what sections it would Ihj necessary to give them, and we deduce the coefficients of 
stiffness r, and r„ special for these two bars. The total weight of the stmts will then lie nearly 

proportional to the mean - (Q, r, + Q, c,), whilst if the question of rigidity did not interfere, it 


V = 


would be proportional to the mean — (Q, + Q 3 ) of the limiting strains; we may thence conclude 
approximative^ V =■ -?* — • 

71). If some of the end struts could snpjiort a strain of G kilogrammes, tho general coefficient 
would be smaller still. We should then seek the least section under which a strut can bear 
*i kilogrammes, having regard to its free length and other circumstances, and determine the load 
Qj which it would carry with this section; then we should make approximative!)' 

Q,’-Q,Q, + Q, r, (Q, - Q.) 

- Q»* 

80. The mean coefficient V may also be expressed by means of the variable coefficient c nppli- 

2 F v 

cable to the successive Iwira, by making V — We might obtain from section G the values of F 

2 • 

and 2 F, hut to calculate 2 F r, we should liave to express the law of variation of r according to 
that of the strains. Now this law would be too complicated or too arbitrary to lead by this 
method to a satisfactory result, and it is preferable to trust to the approximative formula in 
section 78. 

81. By increasing tlu* height of a girder we weaken its middle, or vertical portion, and this 
obliges us to raise the value of the coefficient V in order to preserve a sufficient rigidity. 

To find the mode of vanatitm of 1' with the height h of the girder, we may remark in the first ploee that, 

according to the values of the Table in GS, as long as the ratio -- does not exceed 50 or 55, V will be 

accurately enough represented by the function 0*57 + — ~ t w ith the condition, however, that it 

cannot Ixrconie less than unitv. In this expression, the reduced thickness r depends on the form 
and area of the section, and tfiis area is a function of the load Q which the piece supports and of 


the coefficient V : it is expressed by — 


QV 


U 
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If the section vary in such a way that on dividing it by the reduced thickness, the quotient A 

is constant, we shall have 0 = and consequently V = 0*57 + . .\r , whence 

lv 0 do q V 


V = 0-29 + 


y/ o- 


082 + 


lUi 
35 Q ' 


For example, for girders composed of triangles or crosses, expressing the length K of the bars and 
their strain Q by means of the height A of the girder and the whole strain F, we shall have 


V = 0-29 


• * F 
into — . 


+ vV 


Rfr 


082 + 7^-= A. For a multiple lattice of the » degree, we have only to change F 

oo r 


If the section varied while remaining similar to itself, the quotient of the square of the section 
by the reduced thickness would be constant, and V would be determined by an equation of the 
third degree. 

Thus, keeping to the simplest ease first considered, V will be expressed in terras of the height 
by fonnuhe of the form «+ V*+ c A. But ns there is nothing absolute in the value of this 
coefficient, nor in the relation of the section to the reduced thickness, on account of the great < 
diversity of form, we may content ourselves, in the investigation of the most economical heights, 
with replacing V by a rational function of the first degree a + b A, determines! by means of two 
particular values of this coefficient for heights differing not too widely, but including between them 
the height sought. This is equivalent to replacing an are by its chord. 

82. Circumstances other than the condition of rigidity may oblige us to increase? the weight of tho 
vertical portion of a girder beyond the limits prescribed by theory. For example, in a multiple 
lattice in which the lmrs are very numerous, their section is not made to vary in a perfectly con- 
tinuous manner, but only bv successive groui*; so that tho greater portion of them will possess a 
slight excess of weight. Then again in the parts in which the stress is inconsiderable, it often 
happens that we cannot in practice make the l«ars so slender as they are required to bo by calcu- 
lation. Besides, when tho section is inconsiderable, a single rivet-hole weakens it in a propor- 
tionally great degree. This is another reason for increasing the dimensions. These several 
augmentations might give occasion fora new coefficient applied to the whole of tho vertical portion 
of the girder, but it will simplify the matter to include them in the coefficient V by raising its valuo 
sufficiently high. 

83. SupjJanentarg term Cl . — To complete tho computation of the weight of a girder, we must 
■ include certain accessory pieces the dimensions of which are nearly independent of the height of tho 

girder, ami which may be represented by a constant additional term n. Such are, for example, 
iu lattice-girders, the gussets at the points where the bars cross each other, joint-plates and other 
contrivances for making the rivets offer ft double section to the strain upon them. On the other 
hand, these special pieces are partly compensated by the fact of the lattice-lars ending at the edge 
of the longitudinal angle-irons of the flanges, so that their length is slightly inferior to that 
Bupjxjsod in the formulas. Sometimes certain accessory pieces may lie considered as increasing in 
a certain proportion with the height ; in those cases we may include them in the coefficients U or 
V according as they belong to the flanges or to the vertical portion. 

84. Gene mi form of the Formula giving the Weight of Qirder$ t owl the most advantageous Heights.— 
The total weight of a girder is obtained by adding the terms referring respectively to the flanges, 
to the vertical portion and to the accessories inde|>oudont of the height. Dividing by the length 
of bearing, wo shall have the mean weight of the lineal metre. 

2 G f U 


In this mean weight, tho flanges will appear os a quantity expressed by - 


- , G denoting tho 


mean ordinate of the locus of the maximum moments of rupture (that is, — (p + p') [* in the case 

of a single bay ami a continuous load). As U is of the form a + A A (64), the flanges are divided 
into a part inversely pro|x»rtioual to A, and a part which is constant. 

In girders composed of simple triangles or crosses, 5 being constant, the inclination of the bars 
is a function of the height, ami the pieces of the vertical portion generally make, a metre of 

length, a weight of the form ^ t Q' denoting tho naan ordinate of the locus of 

to \ 4 A f 

the maximum stress, the value of which ordinate is (p + p')l ^1 + ^ 7^ in the case of a con- 
tinuous load. Admitting that 1 + V is expressed by a + 6 A (81), the weight in question will give 
rise to terms in A 9 , in A, in - , and to a constant term. 

In multiple lattice-girders in which the inclination of tho bars is 45°, or else keeps a certain 
other constant value, as in tho case of solid girders, the theoretical vertical position would have a 
constant weight. But, in such cases, the rigidity is usually obtained by the addition of special 
stays, vertical or inclined, tho section and length of which increase with A, no that their weight 
will be expressed under the form (« + *c' A) A. 

85. Thus, the weight of the lineal metre of girder will be generally given by fonnul® of the 

following form : — = — + B + C A + D A*. Tho corresponding height at the minimum expense 
I A 
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will bo given by tho equation of the third degree : A 
real value: 


: (C + 2 DA) A* whence we deduce the 


. \/ 1 IaY. C» ^*/ lt AO* C A C J I C 

h ~'' 4D|'^ A 54D* + A 27D 1+ ^ 54 D 1 27 D ! j GD' 

But »8 it is always enough to know this height within 1 decimetre, it will Ik; r saving of time 
to solve the equation tentatively. As a function varies but little when near a minimum, we may 
without much increasing the expense adopt heights leas than those given by calculation, and wo 
find nn additional reason for doing this in the fact that the ties or cross-pieces generally increase 
with the height. Wo might, it is true, seek directly tho conditions of tho minimum of weight for 
the wliole flooring, instead of a single girder. 

86. Sometimes, for the sake of simplicity, we may regard V as a fixed coefficient which may 
conveniently Ik* forced a little ; in this case, V being constant, we shall arrive for simplo lattices 

^ “ " ’ * wc shall have as the mini- 


at formulas of tho form 

P 


mttm value. 


/ A 
= 2 ^AC + B. 


+ B + C A t and taking A = vT, 

C 

It is evident that nn alteration of height, even if considerable, 


lias but a small influence ; for if, by way of example, instead 
term 2 V A 0 will bo merely changed into 2 


of V* , wo tftko A = k , tho 


i V± 


+ «’ 
2k 


0*9 gives 

1 + K> 

2 K 

= 1*0056 

And k 

= 1*1 gives 

1 + c 

2 k 

= 10045 

0*8 „ 


1*0250 


1*2 „ 


10IC7 

0*7 „ 


1*0643 

w 

1*3 „ 

M 

1*0346 

0*6 „ 

n 

1 • 1333 


H „ 

„ 

1*0571 

0*5 „ 

ry 

1*2500 


1*5 „ 


1*0833 

0*4 „ 

r» 

1-4500 

„ 

2*0 „ 

* 

1*2500 


An increase of height al»ovc VI produces a less loss than an equal diminution, but in almost 
L 


every case it will be a diminution that wc shall have to make. 

It will Ik* well to make a verification afterwards to ascertain whether the height 


V K - 

C ’ 


or at 

least tho reduced height adopted, does not require a value of V superior to that which we have 
introduced into the calculation. 

This method gives too great height, and, therefore, the reduction which it will lx* necessary to 
make will bo more considerable than when we employ the more exact method of the preceding 
section. 

87. Girders of Simple Triangles. — Formula of the Weight a lineal metre , in the ctue of Ban of F.qnal 
Inclination . — To find tho total weight F of girders of simple triangles, formed by bars of equal 
inclination, we have only to add together the weights of the flanges, the struts and the braces, 
given by the formula; />, for the |<articulnr cases in which a = 0. As the total length of tho girder 
exceeds its bearing, we shall give only the weight nor lineal ini-tre, (bund by dividing 1‘ bv tho 
hearing l, and it is understood that when, the total weight, including the ends, is required, tho 
weight of the lineal metre is to be multiplied, not by the bearing, but by the total length, say by 
1 ’045 / or 1*097 </, d being tlio free span, according to what was said in 37. 

1. Load on the lover ni<lc . — If / = 2 m 8 = N 8, wo shall have, A being an additional term for tho 
Accessories independent of A, 

8 m + “T— ? 


7 = -[o- + 40" 


, N* - 4 
+ GX> 7 * 


\| / r2 N* — 1 U , 1 + VT NA„ . „ 1 _ 

){n A [3 N ' ,N’-4 + 4 J + 4 O + ')} + «. 


a formula applicable when N is even. 
When / + 8, we have 

1’ _ m (m + 1) y 
l 2 m 


1 + -GV 




i+ 


_+i+ v 

1 4 

G* 


] + A(l+V)|+n; 


N' - 1 


7-4 jT"(i > + P')o(l + A ,) {±(- 2 ?- + + }(. + V)} + «. 

a formula applicable when N is odd. 


3 + 2* 
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The flanges do not change whether N lw even or odd ; but the lattice decreases slightly when 
N is odd, in the proportion of N s — 1 to N*. 

2. Load on the upper side . — For / = 2 m 8 =r N 8, we shall have 

t * 17 T (P + >'"> ‘ [ G (4 ’'* , - 1 ) + (*«’- 1 + 

I S’ r (32 m* - 8 m + 3) V , 1 + VI , . .. l 

IT L / jTC - + “T - J + *0 + ')} + n . 

which amounts nearly to 

7 = 7F <* + ' r > l, ( 1 + T’)(n 7 tfr- + TirJ + 7 (* + V)} + a. 

a formula identical with the last of the case in which the load is on the lower side, except that hero 
N is even. 

And if / = (2 m 4* 1) 8 = N $, wo have 

7 = Vi < P +p,)< [ 3(2 " + »’ + m • - "Vm+'l - »] 
in 82 m» + 48w«+ 1 6« + 8 n 1 + Y 1 * U +?) t 
\2*L3(2m+l) > + m(4w , + 6»i-l)7 + 2 J + 2 m + 1 J + ; 

or 

, + 7T» 


a formula in which N is odd. and which is obviously the name as the first of ease 1. 

88. Examples . — 6 infer of 28 metres bearing, supporting, on the upper side, a load of S500 
kilogrammes to a metre, Figs. 1685 to 1689; p = 1100* (the girder itself weighing 400). 
p' = 2400*, q - 0*086, m = 4, and, consequently, 8 = 3“ *50, A = 3® *30. 

As the girder is lightly loaded, we must seek to diminish as much as possible the least 
section of the flanges, without, however, wincing too much their breadth, which we will fix 
at 0®*400. To diminish the breadth of the vertical ribs, projecting gussets are placed at intervals, 
to which the struts and braces may conveniently bo attached. Those, struts which are most 
heavily loaded havo a section in the form of a cross, favourable to rigidity in all directions; one 
of tho angle-irons passes behind tho gusset to avoid the necessity of cutting it away at thd 
extremities ; and, consequently, some of tho rivets offer a double section. Instead of filling the 
whole of the space above the gusset to make this angle-iron solid with tho rest of the bar, it is 
sufficient hi fill it in part only. The middle bars require fewer rivets, but it lias been necessary 
to increase their theoretical section to obtain the required rigidity. 

The lower vortical rib is onlv 0®*300 broad; but the upper could not bo reduced below 
0® *350, because the flange should lie rigid to resist compression, because in the present case it 
might be required to servo as a minor longitudinal girder, and because wo might have occasion 
to affix to it a light corbel, in which case this breadth of 0®*35 is barely sufficient. The brackets 
may be placed in tho middle of the intervals to be out of the way of the lain*. It is solely for the 
purpoee of forming a minor longitudinal girder that the upper flange has been produced, and 
the vertical supports added at the ends. 

Wo find by calculation tho total weight of the girder to bo 11200 kilogrammes, say 3S0 
kilogrammes tho lineal metre. 

Tho flanges weigh together 8070 kilogrammes, including tho gussets for fixing tho bars ; but 
to determine the value of U, it is better to consider only the weight of 7400 kilogrammes, which 
wo obtain by deducting tho projection of the gussets, and reckoning with the vertical rib only the 
joint-plates which would be needed if it were not interrupted at short intervals by the gussets. 
Dividing by the whole length 29 m, 40, we find that tho flanges make together 252 kilogrammes 

252 

the lineal metre. Tho formula would give 177*3 U ; we shall, therefore, have U = — — • = 1 -42, 

o 1773 

a value which includes the extensions at the ends. 

However great the height of the girder might bo, we could hardly compose tho flanges of less 
than two angle-irons of 100/100/12 millimetres, a vertical rib of 300/10, and a horizontal plate 
of 350/8; this would form a sufficient section in the middle if the height were 5® *50, and it 
would remain constant throughout the bearing. By tho formula of 64, we should find again 
3-30 

U = 1 *06 + 0*G0 ~ = 1-42. 

The extra weight of 670 kilogrammes occasioned by the presence of the gussets, is reduced to 
500 kilogrammes when diminished by the saving effected by the fact of the real length of the 
liars being a little leas than their theoretical length, since they terminate at the edge of the angle- 

irons of tho flanges. Hence wo conclude that tl is here equal to ^ ^ = 17 kilogrammes tho 

lineal metre of girder, say the 0'017 of tho total weight of the principal pieces. This is a great 
deal, but we may reduce this value by giving the gussets a thickness of 8 millimetres only. 

The obliqno bars weigh 2600 kilogrammes, but the saving effected in their length has just 
been attributed to the term ti, wo must, therefore, supposo them to possess the weight 2770 
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kilogrammes, which they would have with 
their theoretical length. Comparing with 
the formula, V = 1*34. 

If we wished to compute V approxima- 
tive! y, without going through a complete cal- 
culation, we should have considered only one 
extreme and one middle bar. The latter, 
for a maximum strain of Q, = 9$ tons, gives 
V, = 2 *20 with the section adopted; and 
the other, for a strain Q s = 52’ 6 tons, gives 
V. = 1 ' 07, including the tilling. The formula 
o V 4- O V 

of 78 then gives V = — * ■ * - = 1’29, 

Vj T 

a value which we must increase n little, 
because in the formulas one of the l>are of 
the middlo triangle has been regarded as a 
brace, and, on this account, exempted from 
the coefficient V, whilst in reality both bars 
of this triangle should be able to serve, each 
in its turn, cither as strut or as brace. 

To discuss the height of the girdor, we 
must first seek an approximative expression 
of V in terms of tho height. To this end, 
let us consider, by way of example, a height 
of 5 metres ; we shall then have Q, = 48 • G 
tons and Q. = 8*7 tons, and the free length 
of the tare between tho gussets will be about 
4 metres. For the ono which is the most 
heavily loaded, a section in tho form of a 
cross with four arms of 150/10, held together 
by four angle-irons of 70/70/10, will give 
V, = about 1 ‘40 ; and for the weakest bar, 
a cross composed only of a lor of 140/0 and 
of two angle-irons of 70/70/10, will give 
V, = 2'40. Wo thence conclude V = 1*55, 
say 1 • 00 on account of the observation rnado 
above. Knowing tho values of V for two 
different heights, it is evident that wo may 
adopt nearly 1 + V = 1 * 70 + 0 • 19 h. 

Substituting this expression in tho for- 
mula of the preceding section (case 2 for 
N even), we find that the minimum expense 
is given by a height of about 4 m- 40. In 
fact, with this height, we should havo 
1 + V = 2*54, U 1-54, and, consequently, 
the weight of the lineal metro descends to 
350 kilogrammes, ft included : whereas with 
A = 8 ** 80 , 1 + V = 2; 33, U = 142. tho 
formula gives 370 kilogrammes. These 
weights should be increased a little to 
tAke sufficiently into account tho end up- 
right pieces, wfiich really form no portion 
of the girder, but serve only to support the 
rail upon the abutment. It is obvious that 
if the height allowed permits, it may be of 
some use to increase slightly the height of 
the plan, to carry it to 3 m 00, for instance, 
but it would be useless to go beyond that, 
for the cross-pieces would increase without 
giving any sensible advantage to the girder. 
We might, in a more general manner, havo 
sought the most advantageous height, by 
considering the whole of the flooring, and 
expressing tho cross-pieces themselves as a 
function increasing with h. 

89. Girder of 5b metres bearing, vrith a load 
on the lover side of 7000 kilogrammes the metre , 
Figs. 1090 to 1700 ; p = 30<K) k (tho girder 
itself weighing 1300 k ).p'=- 4000 k ,7 = 0'572, 
m = 4 or N = 8, 8 = 7", h = 7*. 

The load supposes both lines loaded 
dmoltaoeonaly; otherwise. fivow line only, 
p ' would not exceed 3000 kilogrammes, and 
we might reduce by aliout f the weight of 
the girder, allowing it a strain of 7 instead 
of C kilogrammes in the exceptional case of 
two heavily-laden trains crossing the bridge 
at the same time. 



Cross-bracing behind the compression-lore. 
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The interval 8 can ho raised to 7 metres only on the supposition that there ore two cross-gird era 
for each section or division of flange, which subjects the bottom flange to a deflecting strain ; but 
this strain may he neglected, having regard to the form of the section and to the other arrange- 
meats adopted. 

The following Table gives the strains upon the pieces: — 




Upper Flange. 


Lower Flung*. 

Struts or Brsous. 

Numbers of the divisions,) 
or of the bars / 

1 

1 

2 

3 I 

4 

1 | 

2 

' 3 

1 4 

i 

' 2 

3 

4 

Maximum strain, in tons.. 

392 

369 

294 

172 

386 

337 

239 

92 

51 

94 j 

141 

1 

192 


The flanges are hollow and have a double vertical rib, which allows the bora to bo very firmly 
fixed. The two triangles next the? abutment are besides provided at their extremities with joint- 
plates forming a kind of fork, which enables the rivets, or at least many of them, to oiler a double 
section. By this means we may place ujxm each rib thirty rivets, twenty-four of which offer a 
double section. This gives for the foot of the end brace, for example, a total of 108 shearing 
sections, capable of resisting a strain of 210 tons if the rivets have O'" '025. The thickness of the 
double vertical ribs is 0 m 012. In the last triangle it is well to strengthen them to increase their 
resistance to a shearing force; this is accomplished by adding broad gussets of 0 m *012. At the 
foot of the end brace there is no projecting gusset ; but the thickness of the rib is doublod by tlio 
projecting of a joint- plate. 

For the intermediate triangles, it is useless to have recourse to double shearing sections. 

The struts have ft hollow form, very favourable to resistance to compression, as the moment of 
resistance is rendered as great as possible in the two directions. The transverse plate of 400/8 is 
not reckoned in the resisting section ; it has been added to connect the other pieces of the Imr so as 
to render them solid, and this plate or flat liar constitutes the princi]*d element of the coefficient V. 
Its effect is completed by three triangles or nxls placed on the other side, at equal intervals. 

The braces are composed of two pieces left unconnected, except in the middle bar, which is as 
much a strut as a brace, and which, for this reason, has been stiffened by a continuous strip of pinto 
iron connecting the two pieces. It would have been somewhat more economical to have substituted 
alight lattice for this continuous plate ; but it has the advantage of giviug moro body to the pieces 
and of diminishing the pressure on each unit of surface. 

The girder weighs 75 tons, say 1293 kilogrammes a lineal metre of length (58 metres). 

The flanges with their joint-plates weigh 50 tons, say 862 kilogrammes the metre, which gives 
U = 1-29. 

The plates or gussets added to the end bare to obtain a double section of rivet, are in part 
covered by tho saving resulting from the fact of the lengths of the bars being a little less than their 
theoretical lengths. 

The excess, 2050 kilogrammes, increased by the angle-iron forming a hand-rail, becomes 
2400 kilogrammes; say ft = 42 kilogrammes a lineal mitre, or the 0*032 of the whole weight. 

The bars themselves make up a weight of 22600 kilogrammes, not including the accessories 
reckoned in ft. lienee we deduce V = 1*25. 

Here the fonu favourable to rigidity given to the struts, would allow of the height being 
increased without much augmenting V. 

It would bo reckoning liberally to take, for example, 1 + V = 1*55 + 0*10 A when near a 
height of 7 metres. The best height is then theoretically given bv the equation A* (A + 7*75) = 1346, 
anti is about 9 metres. Indeed, with this value wo should have V= 1 *43, U 1 ' 36, and, consequently, 
the weight = 1*250 kilogramme per metre, ft included ; whereas with A = 7, V — 1*25, IJ = 1*29, 
and ft = 42, tho formula gives 1295 kilogrammes, which agrees with the direct calculation. 

These two weights, however, differ but little, which justifies the adoption of the height 7 metres 
as being the moro convenient. 

90. Tlio object of formula? of weight is to enable ns to compute the wwt of a girder subject to 
given conditions, without making a plan and a calculation of it. But, if wo wish to attuin a certain 
exactness, it will be well to consider approximatively arrangements which may be adopted, and 
which affect U and V. 

By way of example, let ns suppose it is required to find the weight of a girder of the same 
form as that of 56 metres which wo have been considering, but tho load of which is reduced by one- 
half (3500 kilogrammes instead of 7000). It will be advisable to retain the hollow fonu of tho 
struts and the double- ribbed flanges; but these ribs may be, for example, 0*"*400 broad by 0**012 
thick, for only half the former number of rivets will be required. If the least section of flange com- 
prises besides a horizontal plate of 550/8 and four augle-irons of 100/100/12, it will become 
sufficient in the middle when tho height of the girder rises to 12 metres; so that wo may consider 

D = 10C + 0-60 ^ = 1-41. 

The strongest strut supporting 96 tons = Q„ will have sufficient rigidity if we give it tho 
hollow form ooinfxised of two side plates of 350/1 1, a back plate of 350/8, and four angle-irons of 
100/100/12; this wonld give to the bar a coefficient r, = 1*22. The weakest strut, for the strain 
Q, = 25j tons, may b© formed of two side plates of 220/6 and liack plate of 350/6, and four angle- 
irons of 60/60/8; this will make e, = 1*96. Consequently we shall compute the general coefficient 

of stiffness at V = ^ H' c> = 1 • 38. 

Qj + Q, 

With the values thus found for U and V, the formula will give 680 kilogrammes ns the weight 

3 « 
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of the lineal metre of gir- 
der, n value which must l*o 
increased a littlo to Ineloilo 
fl, remarking, however, that 
tliis nihlitional term will bo 
considerably loss than iu 
the case of the double load. 

The values of U and V 
are rather high, but they 
may bo reduced a little by 
adopting ft less height than 
7 metres, which will bo war- 
rants! by a load reduced to 
3500 kilogrammes. 

01. Tables of Weight.— 
The la st height is an im- 
plicit function of the load, 
in virtue of V which di- 
minishes when the load in- 
creases. 

We must, therefore, dta- 
tm’_ r ui.'h tho case of girders 
lightly loaded, supporting 
only one rail, for example, 
ami that of girders heavily 
loaded, or supporting the 
whole line. In tho former 
ease, we will supjioso h = 
O il/, and in the latter 


If in the formula of GG, 
we supi»oso ~~ = 20000, 

we shall have for ft girder 
carrying 3500 kilogramme 1 *, 
and having ft height O' 1 1 
of the bearing, U = 1 ‘ 0G + 

• 1-8 x 20000 xO 7 !! . <QO 


say 1*40 : nnd for ft girder 
carrying 7000 kilogrammes, 
nnd having a height equal 

to I/; U = 128, snyl'30. 

V will l»e taken equnl to 
1*35 for light girders, and 
1*25 for girders heavily 
loaded. 

With these data wo 
form the Tables IX. a and 
1 X.b, giving the values of 

p 

. — flnot included; 

(/> + /') f* 

tlmt is, tho weight of tho 
lineal metre of girder, for 
the given values of N and 
<7. will he obtained by mul- 
tiplying the corresponding 
nuiulior of the Table, by the 
quantity (/» + }>’) /, and 
adding a certain sum for 
n, ns will l>o shown here- 
after. 

If the girder were 
loaded on the mipor side, 
the weight would be slightly 
diminished when N is even, 
nnd increased when N is 
odd. 

There isevidently nn ad- 
vantage in taking N small : 
Itecnusc in that ease tho 
tlnnges decrease in weight 
with the liars which ap- 
proach the direction of 45". 
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92. In large bridge*, we may nmiftlly give sufficient dimensions to the vert ienl ribs of the flanges 
to enable us to rctlacc to nroin|>nmtive1y trilling matter, or to avoid altogether, the addition of iqx'Hnl 
gui&ct*. Tims the additional term ft, occaaioned by tier aceoMorie*, for 1 mi-tre of ginhr.will inerease 
less rapidly than the bearing. whilst the weight of the metre of girder increase* ns the Inuring. It 
follows from this that the ratio of ft to the total weight diminishes when the hearing increases. 
For light girders, we must mid to the numbers of the first Table a sum varying, for example, from 
5 to 2 per rent., oeenrding as the bearing varies from 20 to 80 metres, and for the heavy girders of 
the second Tuble, from 0 to 3 per cent. 

In the case of *|Mina of 20, 00, ami SO metres, we may allow thn following loads for gilders 
carrying either one or two mils : — 



t = 30 rn. 
Girders currying 

Is COm. 
Girders carrying 

IsKOtn. 
Girders carrying 


| < tin* Hull. 

Two lUil*. 

< Sic Kail, j 

Two ItaiU. 

One lUil. 

Two Kail*. 

1 Exterior dead weight .. 

** \ Weight of the girder itself .. j 
Moving load p' j 

kill*. | 

700 ] 
300 

2500 | 

kiln*. 

1400 

500 

5000 

kilns. 

700 

900 

2000 

kil>». 
1400 
1 1100 
4000 

kilo*. | 

700 j 
1200 1 
2000 

kilos. 

1400 

2100 

4000 

Total load a metre, p 4* // .. j 

1 3500 

l!UO0 

3000 

0800 

3900 j 

7500 


Let us suppose besidea N = 7 for bridges of 20 metres, S for those* of 30 to 00 metres, 9 for 70 
metro*, and 10 for SO metres; and let us add the turns for ft indicated above. We shall have the 
following approximative weights: — 


Span* 

Weight a metre of a girder carrying one rail 

(;-=«•'*) ' 

i .Metres, i 

' 20 j 

Kilns. 

205 

Mitres. 

341 

Kilos. | 

405 i 

Metros. 1 

40 

Kil<w. ] 

545 j 

Metre*. 

50 ! 

Kilo*. 1 
680 

Met res. 

60 i 
Kilos. 1 
820 

Metres. ! 

70 j 
Kis*. 

1 000 

Metres. 

SO 

Kiln*. 

1220 

Weight a metre of a girder carrying two rail* 

(r-l) 

460 

685 

910 

1140 

1365 

1690 

2090 


These weights offer a saving of 0-20 to 0'40 upon those of solid girders satisfying the same 
conditions, see 110 to 135. This saving is due to the fact that, by taking precautions to ensure 
the rigidity of the struts, we may have girders of greut height without having a too heavy vertical 
portion. 

93. Girder* haring Vertical Bar*. — If we suppose B = 90° in the girder, Fig. 1057, with a load on 
the lower side, and express the bearing by X 8 (N being even), we shall have a <j inter with vertical 
braces, which will weigh for each metro 

j = (P + N ~ (?Fa [«* IT (N 1 — 1) + 6 N» V + V (N« - 4)9] 

+ (1 + V) [fi N* + (N ! - 4) q-] *} + a. 

If, on the other hand, a bo taken equal to 90°, we Bhall have a girder with vertical struts , 
weighing 

7 = l± mr {wh C4 N u (N ’ - 1) + e n* + ( v - 4) .,] 

+ (l + V)[61C + OC-4)?]*J + n. 

In one respect, this latter weight will bo less than the preceding because the coefficient V 
affects fewer terms, but in nnother respect, ft will be greater, ibr it inu*i include the lengthening 
of the lower flange, which, according to theory, would have a total length of only (X — 2) 8. w hilst 
in practice it is absolutely necessary that it reach the abutments, even if the strain upon tho 
extreme sections should Ij« nul. 

The other analogous eases in which N would Ik? odd, or those in which tho load would l>e 
applied to the upj*er part, will be easily calculated by tho aid of the formula? given, 39 to 62. 
But, as those giraers with vertical Imre art? less advantageous than those having bars at an equal 
inclination, we shall not consider them further. 

j> 4 . (i inters of Crosses, or Ituuble lattice.— Girders of simple crosses, with or without vertical 
stays, should be considered as a double lattice, and may la? calculated l»v imagining that they 
result from the juxtajxwition of two simple lattices. Now in every multiple system in which 
several piece* simultaneously combine to resist a certain distortion which may Ik? prevented by a * 
single piece, there take* place ft distribution of strains that it is not always easy to discover 
exnctly when the conditions are complex ; it may be computed, however, with some degree of 
certainty when we take care to render tho conditions of strain equivalent or comparable. The 
general rule is that the various pieces should undergo equal pmjKirtioual extensions, nnd that, 
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consequently, they distribute among each other the total strain proportionally to their sections ; 
the strain a unit of section will lie equal upon the several bars, with the exception of slight 
differences which may proceed from unequal tension given at tho time of fixing. But in the case 
in which the strain nets by compression, the area of tho sections docs not alone inti nonce tho 
distribution, rigidity interferes, and if tho forms of tho sections are different, it is difficult to know 
to what degree a certain l«ir will yield, and another, and stronger one, to concentrate the load 
upon itself. The way to avoid these* uncertainties is to make identical tho multiple pieces which 
replace a single piece. However, with regard to multiple lattice-girders, this equal distribution 
must not be considered from bar to l>nr, but from system to system, because the pieces brought 
together being more or leas distant from each other, tho stress may vary from one to the other. If 
the whole is comi>oaed of n simple lattices, each of them will be calculated as belonging to a 

girder supporting only the - of the given load. 

95. Girders of Crosses amt Vertical Hods , — If we consider first a girder of crosses and vertical rods, 
for a toad applied to the lower /sir/, Fig. 1701, it is obvious that it may be resolved into two simple 
girders, one with vertical braces, the other 
with vertical struts, and tho formula* of 
which for the case of N even are given in 93. 

But the weight will be less tlian the arith- 
metical mean of these formal*, for these 
vertical rods belonging at once to the two 
Bimplc component lattices, arc subject to a 
compressive strain on one side and to a 
tensile strain on the other; and the maxi- 
mum strain upon them will be a constant 

tension ^ (p + />') 8. The two end vertical 


not. 



bars must be excepted, the strain upon them, which is one of compression, being - (N — 1) 8 ( p -f />') ; 

so that these two lairs alone make up the same theoretical weight ns all the others, or rather more, 
for, resisting compression, they receive the coefficient V. We have thus os the total weight of tho 

N -f 1 vertical bars tho value -(N-l)(l + V)(p+ p') 5 1 h, and the main weight of the lineal 
metro of girder will be 

7 = {n^a N it (X* — 1) + (l +V) ( 3 S’ + — j— «)J 

+ (1 + V) [3 (Ji* + 4 N — 4) + ,] k } + 0. 

If tho load bo placed alxive tho girder, tho intermediate vertical ban will still support a 
maximum strain of - (p + fO 8, but it will be one of compression which will necessitate the appli- 
cation of the coefficient of stiffness ; and as to the two extreme lxirs, they, too, will be strengthened 
a little, for they will have to support directly the weight - (p + /0 8 placed upright with tho 

abutment, a weight which w r e had not to consider when the load was below, because it rested 
immediately upon the masonry without passing through tho vertical bar. Consequently we shall 
have, for the case of a load on the uyper side, and N even, 

7 = (nts 0 N 11 -»+a + w) (3 *- + »)] 

+ (1 + V) (3 N* + ?) A + 24 N V h } + n. 

When A f is odd, we have for the case of a load on the lower side, 

7 = ^ P « " + o + v, ( « + 1)] 

+ (1 + V) * [12 + (6 + -/)]} + n ; 


and the changing of the load from the lower side to tho upper will occasion an increase of expense, 
because the intermediate vertical bars will have to bo stiffened, and the end bars will have tho 
additional stmin of ft partial weight resting through them upon the abutment. 

But we shall see presently that a saving may lx? effected by suppressing the intermediate 
vertical bars or nxls, when possible ; and if their presence is necessary, it will be for the purpose 
of affixing tho cross- pieces, or for other purposes foreign to the resistance of the girder, so that it 
will be more logical to consider them as an accessory addition, their section being supposed as 
given according to the duty they have to fulfil (see 100). 

90. The wooden girders of Here's system have the form of girders of crosses with vertical nxls ; 
but an essential difference from the point of view of resistance is, that the wooden cro«s<*a, merely 
abutting the beariug-bloeka, cannot resist by tension ; under ft given load, there is only one of 
the burs uf each cross that resists, whilst the vertical rods, each composed of several smaller ones. 
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always take a tensile strain ; the system resists a s a simple yielding lattice, that is, its form 
changes according ns the strain comes upon one or the other piece of each cross. 

97. Ginlcra of Crosses without Vertical R(*ls . — If we consider a lattice of crosses veithont intermediate 
vertical rods, .loaded on the upper side, Fig. 1702, wo see that it may lie resolved into two simple 
systems given by Fig*. 170 j and 1704. Now the system of Fig. 1703 corresponds to the case 

a = 0 in 53 by changing 8 into 2 8 , m into — , and reducing the load by half. Besides this, we 


must odd the two cud vertical bars, the strain upon which is nearly — (/.» + //) 5 ; they will weigh 

1 , t i + V 

together — (1 + V) (p + p‘ 7 1 A /, if we apply to them, instead of V, the coefficient — - — , which 



a value which extends to brace No. 0, as well as to the nth Htrut, and which supposes that the 
weights applied to the several summits are equal to pb' or to (p + //) 8 , according to the case. 

The total weight of the oblique bars will consequently be ) 8 A < ^ 9 J » 

a formula in which 8 ' will be changed into 2 8 , m into and in which the load will be divided 

by 2. For the flanges of this figure, we must also, in the formula of 50, take into account tho 
modification of the load in the extreme summit. 

Adding together the weights of tho two component lattices, and dividing by the bearing, we 
shall obtain as the weight of the lineal metre of girder, Fig. 1702, 

7 = {sr[ 4U - + 3(1 + v >0 + W*)] 


+ 3 A (N + 2) (1 + V) (l + + a. 

This formula obviously remains the same when tho load is on thu lower side instead of the upper. 
It supposes N even, but may also be applied approximntively for X odd ; however, in this latter 
case, it is better to employ the formula in 99. 

98. The point of view from which we have considered the question in the preceding section 
offers the difficulty of a certain complication in calculating the strains upon the various pieces, and 
as a multiple system leaves the distribution of the loads arbitrary, we take advantage of it in this 
case to adopt a more convenient process. In the preceding method a brace bore the same strain as 
one of the struts to which it was fixed at the extremities, but now we shall suppose that both bars 
F 

of a cross are subject to a strain — — , F being the stress in the interval occupied by the cross. 

It follows from this that in tho two flanges, tho sections or divisions situate perpendicularly to 
each other will support also the same strain (on account of the condition of enuifihnum relative to 
the horizontal projections of tho forces), which was not the case on the preceding hypothesis ; this 
strain is calculated by the momeut of rupture with respect to the centre of the cross; the total 
weight, however, of the two flanges together remains the same ns before. As to the lattice, not 

including the end vertical bars, it is represented by F» an expression in which Z F 

denotes tho sum of the absolute maxima strains in the sncccssive intervals, for the whole hearing, the 
value of which sum is given in G for the two cases of N even or odd. Adding the end vertical bars, the 
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strain upon which is - (N + !)(/> •4-/0 including the weight they directly support, and which 
will, therefore, weigh together ( p + />*) t IE, we obtain na the total weight of the lattice per 


lineal metre, in the case in which X is even, the following expression : 


J(» + V)(p+/)<{(n + 2^ + 


)£}. 


6 N T ‘ V 1 ON* 

which differs only by a slight increase of the cud vertical hare, from the value which enters into the 
formula of the preceding «x*tio«. This difference proceeds from the fact of our having, in !>7, attributed 
to these bars a mean strain between the cases of a load on the upper ami a load on the under side. 

99. For N odd, wo obtain the following weight of the lineal metre of girder, the latter being 
calculated in the manner we have just alluded to : 

? = ^(i> + rt«{^[4UN + ( 1 + v >(8 + | V )]+3*C 1 + V)(^±-J+i)} + a 

This formula may 1 h? admitted for a load on tho upper or on the under side, for the situation of the 
load occasions but a slight difference in the weight of the end vertical bars. 

On comparing the formula) of the lattice coinjxwed of crosses, with those of girders of simple 
triangles with bars at an equal inclination, we sec that the difference consists essentially in this 
fact, namely, that with crosses the weight of tin* lattice is modified as if the length of tho intervals 
3 had been doubled, and, consequently, their number reduced by one-half. Wo ought, in general, 
to adopt that one of the two systems which brings tho inclination of the bars nearest to 45' . 

100. Vertical Bad* contitleretl cm a sup/tlementary term . — On comjmring girders of crosses withont 
intermediate Vertical rods with those winch possess them, we find that these latter have an excess 
of weight represented by these additional roils, which thus form, from the point of view of the 
resistance of the girder, a superfiuous addition. Their use is, in fact, limited to distributing tho 
load among all the summits both at the top and at the bottom, instead of affecting directly only 
one of the flanges; hut there is no advantage in this, because the horizontal *i>uco between the 
I>ointa of application of the strains remains the same. 

But these rods are useful in certain cases, chiefly in girders loaded on the lower side, to stay 
the vertical portion and maintain its perpendicularity. We arc justified, therefore, in considering 
this kind of girder; only, as the reason. for introducing intermediate vertical rods is foreign to tho 
theoretical resistance, wc shall reckon them as a supplementary addition, represented for the 

metre of girder by tho term —j— * in which r denotes the weight of tho liueal metre of rod. Those 

rods, which usually need be placed upon one side only of the vertical portion of tho girder, may 
have tho form of a single T cumjxwed of a projecting strip of plate iron and two angle-irons. If, 
for instance, for heights of 2 to 5 metres, these sections are pouqwsod in the following manner : — 



3™ 

4* 

5* 

130/10** 

200/10 

200/10 

2G0/10 

wi/so/io 

80/80/10 

110/70/10 

180/75/12 


Height A of the girder 

Mean section of a J Projecting plate of .. 
vertical rod .. I Two angle-irons of .. 


we shall coneludo that r may be represented by 8 (2 -f A), and, consequently, tho additional term 
for vertical roils will bo ^ — . The rest of the girder will be regarded os expressed by 

the formula? for lattices oomjiosed of crosses without intermediate vertical rods. 

101. Examples. — First Example. — dirtier of Crosses without intermediat* Vertical Bods , Figs. 1705 
to 1707.— Data : l = 24* 3 = 9*, N = 8, A = 2* * 50, p = 10U0 k (the girder itself weighing 300), 
p‘ = 2400 k (one roil), p -f p = 3400, </ = 0 - 7<H5. 

Following the method of calculation set forth in 98, the strains upon the successive divisions of 
the flanges will be, reckoning from the middle, 94*9, 82*0,58*2, 21*4 tous; those upon each of the 
two bars forming the successive crosses will be 8*2, 14*1, 20*G, 27*9 tons ; and that upon the end 
vertical bars 23 tons. 

The braces are, like the struts, made of double angle-irons, in order that the rigidity of the 
compressid bar may be identified with that of a cross composed of four angle-irons by joining the 
sections of the brace and the strut. For a bar in the middle, for example, tho reduced thickness 
of a cross of four angle-irous of 70/70/8 millimetres will be 0 ,n *08 ; the ratio of the free length to 
2*80 

this thickness Is or 35, which requires a coefficient of stiffness = 1*50. With the section 

adopted, tli is coefficient is 1*55, a value which is all the more sufficient because the rivetings at 
the extremities of the bar amount to a joining of the metal. 

Tho fixing of the extreme bars requires the application of joint-plates to give the rivets a double 
resisting section : we obtain by this means twenty sections, which is amply sufficient. 

Direct calculation gives for the whole girder : — 

vi RUsr i, s 1 Angle-irons and vertical ribs with their joint-plates .. 2750 ) -./-rvnk 

® \ Horizontal plates .. .. .. 2850/' j 

I ' Braces anil struts 1550 j J7500* 

Joint-plates and filling-pinto* affixed to the bars at the (pmo 

point where they cross 140 I 

Two end vortical liars 210 J 

fctoy 300 kilogrammes per mitre of girder. 
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Tin* flanges weighing 224 kilogramme* the metro of girder, whilst the formula in 97 gives them 
lt>7 U, we have U 1 ‘31. 

The barn nmouut to i'JOU kilogrammes, 140 of which arc for the special pieces for fixing the cml 



Lars and the plate* which arc nflixed to the Imre at the points where they | T<I€> 
cross each other; but these 110 kilogrammes are nearly compensated by the „ i, «• 

X 


saving resulting from the fact that the burs have not unite their theoretical 
length ; so that wc may suppose A mil, and take then V = 1 ‘30, at which we 


arrive from a corujittrisori of the weight 


900 

'25 


7G kilogrammes, resulting from 


m 


the calculation, with that of 33(1 4- V). furnished by the formula. 

If we ndmitted 1 + V = 1*95 -f 0*15 A, the best height would result from 
the equation 120 = (2‘(J5 + 0‘408 A) A*, and would l»e nlxiut 5 metres, a gr»-«t 
value which proceeds from the extreme lightness of the lattice ; but it is 
prudent not to exceed the height of 4 ro ‘50, near which wo cannot practically 
reduce the section of the flanges. " 

A greater diminution of the height is warranted by the small variation of 
the w’eight and by the ndvantnge of diminishing the importance nf the exterior tie-pieces. Yet, 
if the height allowed 1)0 unlimited, we shall do well to take a height of 3 metres, instead of 2*50 
as in the plan. 

If the load were doubled and made 0800 kilogrammes the metre, everything included, it would 
be easy to reduce U to 1‘25, and V to 1*15, even if the height were carried up to 3"" 50. 

102. Second k'xamjde. — Uinlerof t'rossen awt urithaut Vertical iluth, for a Tubular Jh ul/e of 72 Mein'S 
* pan, , Figs. 1708 to 1717. — Data: / = ~2 m , 8 = 8 m , N - 9, h — 9"’, p — 3000 k (the girder itself 
weighing 1700), p‘ tz 4000 k , p -f- />' = 7000 k , q - 0‘5714. 

When one line of mils only is leaded, p‘ amounts to only 3000 kilogrammes, w hich will allow us to 
reduce by } the weight of the ginler if we do not object to raise K to 7 kilogrammes tin- square milli- 
metre for tlie very exceptional case of two lieavily-ladeu trains crossing the bridge at the same time. 

The strains upon the |>ortions of the flanges, reckoniug from the middle to the etuis, are: — 198, 
473, 398, 271, and 100 tons; the strains ujion each of the two bars of the crosses = 24, 52, 82, 115, 
and 150 tons ; the end vertical bars support 1 12 tons. 

In the elevation of this ginler and some others wc have been obliged to exaggerate slightly the 
thickm-.HM s of the horizontal plates of the flanges in onler to render the arrangement of them 
perceptible. 

The struts have a double X section, offering a great moment of resistance in the direction normal 
to the vertical portion of the girder. In the plane of this vertical [lortion, the free length being 
only half, the rigidity is sufficient with the sections adopted. Wo might, if necessary, take tlm 
sections of a hollow form, as in Figs. 1090 to 1700. 

The braces are coni|x>sed of two equal and parallel pieces enclosing the strut, and arc fixed 
externally to the vertical ribs of the flanges; but the two bars of the middle cross are identical and 
in the form of a double T". 

In fixing the end bars, the double rib allows us to place eighty rivets of 0" -025; so that it is 
useless to double the shearing sections. The thickness of 0 a “012 given to the ribs renders tearing 
away impossible. 

The gussets at the point where the bars cross cadi other serve not only to connect the brace and 
the strut, but ns joint- plates for these pieces. But for several imrs at the cud, composed of two 
thicknesses of plate, this gusset enn cover the joint of only one plate ; the joint of the second plate 
is then made to full in another plan* where it has special joint-plutcs. The angle-irons of the bars 
may bo continuous throughout the length. 

The following is the result of the calculation : — 

An R le-i«o M |£ nle > MBS 

Double vertical riba 22380 

Flanges { Special joint-plates for angle-irons, and so on .. 3550 87840, say S79000 k 

Horizontal plates with their joint-plates .. .. 48120 

l’lates between the vertical ribs, at the ends of 
each cross-girder 450^ 


Bora 
Hand-rails 


Struts and braces 27030 

Two end vertical liars 4279 

Plates nt the point of crossing and joint-plates .. 2100 


31009 


22500“ 
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It follows from this 
tlmt the mean weight 
of the lineal metre of 
girder will be 1630 
nkmiMi e 

Wo might make £ 
tip an additional term " 
A by taking, in tho 
flanges, the border 
angle-irons which do 
not enter into the 
theoretical resistance, 
and the plates at the 
ends of the cross-gir- 
ders ; and in the bars, 
the plates at the 
)>oints of crossing and 
the joint-plates ; to 
this might be added 
the hand-rails. But 
wo should have to 
deduct the saving in 
the length of the 
bars, which does not 
reach tho theoretical 
length ; and this sav- 
ing more than com- 
pensates tho weight 
of the light pieces of 
railing. The plates 
ujion the twra and 
their joint-plates may 
enter into V, for these 
pieces are a function 
of A in this sense that 
a less height would 
ullow us to suppress 
the joint-plates and 
reduce the dimension 
of the plates. Tho 
accessories of tho 
llanges may bo in- 
troduces! into the co- . 
efficient U. From this 2 
point of view, wc shall ~ 
regard A ns nul, U 
= 1*36, and V = 1*25. 

If we admit that 
when near the most 
economical height, 1 
4* V increases accord- 
ing to the law 1 -f 
Vs 1*85 + 010 A, 
and that I J is reckoned 
as only 1*00, accord- 
ing to tho rule given 
in G4, the best height 
will result from tho 
equation 0*807 A 3 + 
5*45 A3 = 2720, and 
will bo 13 metres. 
Indeed we shall then 
have V = 1*05, U 
= 150, and the weight 
of the girder a metro 
will be brought down 
to 1510 kilogrammes, 
whilst for A = 9, V 
= 1*25 and U = 1*30, 
tho formula gives 
1620 kilogrammes. 

103. Third Example. 

— Girder of Crosses and 
u >th Vertical Hods, of 
40 metres span, Figs. 
1718 to 1725.— Data . 
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N = 10, A = 4 W ‘50; /> = 2500*, p* = 3200 (one line of rails loaded), p -f p’ = 5700*, 
q s 0‘ 56. 

In tlio exceptional case in which both lines are simultaneously loaded at the rate of -1300 kilo 
grammes a metre each, the bridge will be subjected to a strain of about 7* ’2, and this may be 
allowed. 

Successive strains upon the Portions of the flanges = 248, 228, 188, 127, and 46 tons; 

Successive strains upon the bars = 16, 28, 41, 54, and 68 tons ; 

Strain upon the end vertical Imre = 51 tons. 

In order to fix properly the struts in the double I form, whose greatest stiffness is in the 
direction normal to the vertical portion of the girder, double vertical ribs to each flange have 
been adopted, os in the preceding example. The braces ore of flat, equal and parallel bare 
enclosing the struts, except in the two middle crosses, in which the fiat bore an; replaced by two 
angle-irons of 1 10/70/11 millimetres, because, in certuin positions of the loud, these braces may 
have hi bear slight compression. 

The bars bearing the greatest strain arc fixed without having recourse to double shearing 
sections, for 20 or 24 rivets ruay lie placet! upon each of the two ribs, ami this is amply sufficient. 

The intermediate vertical rods serve for affixing the cross-girders. The following is the result 
of calculation : — 


Two flanges j 
Lattice .. I 


Angle-irons and vertical ribs with their joint-plates .. 

Horizontal plates and their joint-plates 

Oblique bars (including 100* for plates) 

Two end vertical bare with their gussets 

Nine intermediate vertical rods 


13300 \ 
10200 J 
7200 1 
1450 } 
1850 J 


23500 

10500 


34000*- 


Tkus the girder weighs 815 kilogrammes per metre, its whole length being 41“ ’80. 

The term fl will be nul, for the bur- plates amounting to only 100 kilogrammes, do not even 
compensate the saving upon the length of the bare. 

The flanges amount, according to calculation, to 563 a metre, and according to the formula 
435 U ; hence U = 1 *30. 

The oblique bars = 207 according to calculation, and 90 (1 + V) according to the formula. 
Therefore V as 1>30. 

Supposing 1 + V = 1*75+ — A, and expressing the vertical rods by an additional term 

^ — -, (100), the most economical height will bo 5 m *90, which will allow us to con- 

struct u tubular bridge, and to suppress the intermediate vortical rods. Thus for bridges of two 
girders of more than 40 metres span, we may adopt the tubular system in preference to girders 
loaded on the lower side, if we desire to obtain greater stability in the girders. 

104, TubUs of the Weights of Girders. — The best height to adopt is an implicit function of tho 
load in virtue of the coefficient V, so that tho height of heavy girders may lie increased a little. 

If for girders lightly hauled we suppose A = 0*11/, U = 1*40, V = 1*35, and for girders 

heavily loaded A = ^ /, U = 1*35, and V = 1*30, these coefficients will allow us to sup]NMe CL 
nul, and by applying tho general formula} (97 and 90), we may construct the Tables on p. 827, 
giving the values of - — ^ ^ ; that is, the weight of the lineal metre of girder will be found 

by multiplying the numbers of the Tables by (/>•+• //)/. 

Tho least expense corresponds to N = 8 in the first Table, and to N = 7 in the second. These 
values give, having regard to tho heights adopted, directions to the bars a little less than 45° 
upon the horizontal, since the Tables decrease with N. 

If there bo intermediate vertical rods, they must bo added as wo have seen in 100, which is 

equivalent to adding to the numbers in the Tables the quantity p ~ * 

105. Supposing loads similar to those which were taken for girders of triangles (92), the weight 
of the girders themselves only being slightly reduced in a few cases, and taking the same values 
of N, namely, 7 for a span of 20 metres, 8 for spans of 30 to 60 metres inclusive, 9 for 70 metros, 
and 10 for 80 metres, we shall have the following approximative weights for girders without 
intermediate vertical rot la. 



Mitres. ■ Metres. 

Metres. 

Metres 

Mitrin 

Mr ires 

Mitres 

Spans 

20 

30 

40 

50 

60 

70 


Weight of the lineal metro of girder carrying i 

one rail (A = 0 * 1 1 /) / 

Weight of the lineal metre of girder carrying i 

Kilos 

260 

kilos. 

:i85 

Kilo*. 

520 

Kilns. 

650 

KiUs. 

780 

Kilos 

940 

Kilo*. 

1140 

one liuc of rails ^A = — /J j 

443 

070 

880 

1100 

1310 

1590 

1900 


It a ill lie seen that in large spans these girders of crosses without vertical rods offer a small 
saying over those of simple triangles (02), brenu.se the supposed values of N allow of the Imre 
being placed ucurer the inclination of 45°, and becuu.se in the double lattice the strains upon the 
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struts and braces are less, and, therefore, the several parts may be fixed without the addition of 
supplementary pieces. 

100. For girders with vertical rods calculated as in 100, the Table will become on the 
hypothesis of the same heights, although there may be occasion to reduce them a little in 
this cose : — 


£pans 

m 

20 1 

Ukra. 

30 

Metres. 

40 

Metre* 

50 ' 

Mfctres 

60 

MMn 1 *, 
70 i 

Mftm 

80 

Weight of the lineal (carrying one rail .. .. 

, Kit*. ' 
285 

Kilo*. 

420 

Klim. 

565 

, Kilo*. 
700 

Kilos. 

840 

Kilos. , 

1020 i 

Kilo*. 

1235 

metre of girder \ „ one line of rails 

475 

720 

I 940 

1170 

1390 

1690 

2020 


being weights differing but little from those of girders of simple triangles (J»2). 

107. JM/ubie Crones. — In cases of limited height, or in those of small girders, if we happen to 

have h < — ~ we may place two crosses in an interval 6 comprised between two successive poiuta 

»J 2 

of application of the load. In this case, the weight of the diagonals will be modified, sin * a being 
changed into - sin.* a', a' representing the greater inclination obtained by the doubling of the 

crosses. The flanges depend only on the dis- 
tance apart of the loaded points ; the vertical 
rods, if there are any, will be placid square 
with the cross-girders, in every second cross. 

Fig. 1720. 

Confining ourselves to the rase of N aid, 
the weight of the metre of girder may be 
computed by the formula 
F 
/ 


1 < 26 . 


IXXl xx^Xtxx i x^ li 


(-Ho* - 


(N*-l)(p + *>■)< 

iJLr, 

48 N 

N'A L 


|JL[ 8 NU + 3(1 + v ) (. + !,)] 

+ m a + v)[^±5 + i »]} + «, 

irt ; and by 

{^[ 8NU+8 <i +v )(' 4»)] 

+ Uk + o + V)(l + f «)]} + fl, 


when the load is placod upon the lower part ; and by 
P _ (N» -!)(/> + jQt 
I 48 N 


if the load is on the upper part. The coefficient V is applied to the end vertical bars as well as to 
the other bars under compression. 

108. Multiple Lattice-jirdcn. — General Observations . — A multiple lattice may usually l>e con- 
sidered os resulting from the 8U{>cri>«sition of several simple lnttioes, at least if we omit to consider 
the connection at the points where they cross each other. The component simple lattices may be 
of different systems, as it happened in the case of gi filers of crosses; sometimes, in such cases, 
certain bars (sirticipate simultaneously in the composition of two elementary lattices : anil if they 
are acted upon on one side by a force of compression and on the other by a force of tension, their 
resulting maximum strain may be limited to a small value, as in the case of vertical rods con- 
sidered in section 95. 

Wo are now about to consider exclusively another kind of multiple lattice, resulting from the 
union of several simple lattices, identical in form, but placed one before another. Thus, in Fig. 
1727, the system A B C I) is a simple lattice, but we shall form a double one by superposing the 
pnrnllel lattice A' B' C\ and this duplication will 1727 

enable us to distribute the load applied to the girder * 

over a double numljcr of points, without subjecting ABODE 
the portions of the fintiges to a deflecting strain. The 
load may he applied to all the summits or only to 
some of them. But even if nil the loaded summits 
should lielong exclusively to one of the elementary 
lattices, all the loirs will take part in the resistance, 
for in virtue of the rigidity of the portions of the 
flanges a parallelogram such a* RCED cannot be distorted by the lengthening or shortening of 
the liar* B C, l) E, without producing a change in the intenmdiate bar C' D'. Thus it is usual to 
calculate first the strain* in a simple system iw ABC D. and then to divide them equally among 
the whole of the bars. The flanges are regarded as loaded in a continuous manner. 

The connection at the jioint* of crossing enables a bar to receive variable strains at the same 
instant in its several subdivisions, and the vertical portion of the girder thus poncwM a certain 
moment of resistance. But these secondary considerations are never takcu into account. 

The theoretical weight of a multiple lattice must, therefore, be obviously the same a* that of a 
simple lattice the liars of which have the same inclination. But in practice each system has its 
n<| vantages and its disadvantages, and may modify the expense in one direction or in another. 
By multiplying the bars we incur excesses of section, because the theoretical strains become very 
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small and would require dimensions which tho importance of the tinier would not allow ; tho 
pinto#, too. on tho point* where tho liars crons each other increase in proportion. On the other 
hand, a multiple lattice may always be traced nenr 45°, whatever the iutorval between the ernss- 
girders may M, whilst with simple bar# we rimy be obliged to have recourse to less advantageous 
inclination#. From tho point of view of rigidity, if the multiplicity of the {mints of crossing offer# 
the advantage of sulslividing the bars into jiortions of in considerable length, on the other hand 
the sections decrease, the vertical {tortion of tho girder acquires a tendency to twist like a thin 
sheet of iron, and we are obliged to remedy this disadvantage by the addition of stiffening vertical 
roils. At the end# of tho gilder, a certain number of tho elementary lattice* terminate by frag- 
ments of bars which are fixed at different {mints in the height of tho end vertical bar. This 
bar w<»uld, therefore, have a tendency to bend if tho precaution were not taken of replacing it by 
a brood piece of solid plate iron stiffened by projecting ribs. 

It seems, therefore, preferable not to multiply beyond a moderate degree the systems of lattice, 
but to construct them of bars possessing tho greatest possible rigidity. It is only in case# in 
which the rivetings become difficult that we should have recourse to the multiple system, 
for then tho bars, being weakened, may bo fixed by a very small number of rivets. This is tho 
principal consideration which should decide the degree of multiplicity. 

As to the comparative security of simple and multiple lattices, provided the joints and rivetings 
are equally solid, they may bn regarded from this point of view as equal. If the bars were of cast 
iron or of wood, it might bo objected that a defect in a single piece would be sufficient to ruin a 
simple system, whilst in a multiple system the resistance never falls upon a single piece. But in 
bridges of malleable iron, this objection would bo specious, for a bar should have such a section 
that it may lm composed, in almost all cases, of several pieces riveted together ; consequently, a 
defect in one of the pieces will be protected bv the other sound parts, and it may happen that all 
the elementary pieces may lie defective without the whole breaking, if the defective portions are 
isolated by the riveting# ; the only result in such a case being a greater strain upon the sound 
portions than was anticipated. In those {wirts In which the strains aro inconsiderable, a multiple 
system will offer in general a great excess of resistance, but it will be at the price of an excess of 
material, and wo might, if we chose, increase the sections in a simple system to obtain au equal 
additional security. 

109. If the inclination of the bars remains constant when the height varies, the lattice will 
have, theoretically, a nearly constant weight : in order that the flanges may be supported at tho 
same interval*, the multiplicity of the lattice must increase with the height. Indeed, even when 
the general rigidity of the vertical portion of the girder resides chiefly in the addition of projecting 
ribs, we must reckon upon a surplus expense for the local rigidity of the several portions of tho 
compressed bars, ami for other conditions which must lie fulfilled, principally not to reduce tho 
section* below a certain minimum, not to make a continuous variation from bar to bar, but only 
by successive groups, to take into account in certain case* the weakening occasioned by the rivet* 
bob'®, and so on. We inay affect the whole of the lattice with a coefficient V, hut in analogy 
with tlic notations employed for girders of triangles or crosses, in which V was specially appliod 

to the struts, wo will denote tho general coefficient by — - — , (82). 


110. The stiffening vertical roils may serve also for affixing the croas-girders, and tho vertical 
cross-bracing. Their section increases with the height, but may be taken nearly constant with 
the load in the ordinary cases of railway bridges, for they will thus add, as they should do, a 
relative increase of strength which will Is; the greater a* the lattice become* weaker and more 
liable to distortion. For the same reason they may be made to vary but little in the several points 
in the length of a given girder. 

Instead of placing only ono vortical rail in a line with each cross-girder, it may lx* advantageous, 
if the distances 8 are groat, to have two for each interval, placing them alternatively on each side 
of the vertical portion of tho girder when nothing prevents. Or wo may place principal rods in a 
line with the crow-girders, and other weaker rods in tho middle of tho intervals. 

Lot u# suppose adopted a* a mean, for the case of ono roil to the interval 8, the hoc t ion# given 
in Fig. 1728. 


of Uw ^rttirr . 


^7 , 




4-7* 


1738. 


ffT* I0T- 127* 


Jfelft. | WM* Ijl at jjpftJ 


ar 


lif^ a 




The weight* given by this figure may be put into the formula 15 A, so that the weight of the 
rods a lineal metre of girder will be represented by — — - • 

i . , 

111. Formula of Weight . — The flanges will make up a weight — a lineal metre 

1 x V 

of girder, regarding tho load os continuous. The bars at 45 :J give — ^ — 0> + /0(6 + 9) «*• 
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The end vortical bars transmit to the abutments tho strains upon the liars which are fixed nt 
different point* in their length; their section should theoretically incrcnse from the hip to tho 
liottom, and a* their mean compression is equal to half the reaction of tho abutment, that is to 

j (/> + /•') /, their total weight will be - (/* + //) t 1 A, say - (p + p') t A per metre of ginler. 

Hut. in pmetieo, this is inauffieio-nt, and, os we shall sec* by the example* hereafter, it is necessary 
to add to each extreme bar two vertical stiffening rods similar to those described in tho preceding 
section ; we thus obtyin at onee the necessary rigidity, and an increase such that the section will 
bo everywhere superior to tho theoretical value, and will, therefore, not need to vary from the 
liottom upward*. 

This addition of four vertical rods will give, hi a metre of girder, a term — — , admitting the 

sections of Figs. 1729 to 1791 ; and if there are already intermediate rods hi the number of — I, 

l — 3 8 

the term including all these additions will l»o 15 A* — — — • 

To sum up, we shall have the weight of the lineal metre of n lattice-girder with vertical rods, 
by the formula 

7 = (r + p') (/• + ;'') (6 + ?)'<+ |(/> + p')** + i**’ + n - 

112. Suppose 1 -f V = a + 6 A, this formula becomes 

7 = (p + pl P ~ + £(/' + p’> (G + ?) It + 5 (P + P'J t 

[ hi ~\ f + 3 8 

1 + j2 (* + ?)] * + 15*’ ^Ty + O- 

A A (/ | g 

If the ratio - were regarded ns constant, and we made ~ = 0, the most ndvnn- 

tagooos height would be A t = / v 7 — — , and it would reduce the weight ot 

8 + i&/(6 + 7) + 90 0 
the metre of girder to the minimum value, 

7* = (p+p’)'< jjl/u ^s + j-6/(c + ? ) + aoo] + ,^(6 + ?)J + n. 

If, instead of A, we adopted a different height A = *A„ the term of the radical in the preceding 

if* -i. 1 

expression would be multiplied by — — • 

Rut usually 8 is a fixed quantity, unconnected with A, and the most economical height is then 
determined by an equation of the third degree. 

113. When the lattice-bars have sufficiently rigid forms to allow the vertical nxls to be 
suppressed, the weight of the gilder will be found by the formula 

p i ru/* l i no a* 

y — j (/> + lO * |_1T4 ■*" 12 ^ ■*“ ^ ^ * + A J + ~l ^ 

114. Examples. — First Example . — Flat-bar Txittice-qirdcr with Vertical Jlotl*. Figs. 1729 to 1731.— 
Data : / = 27 m ‘50, 8 = 3" ‘00 , p = 1100\ p' = 2400*. p + // = 3500*. 7 = 0*636. 

The flat form which the bars have in this ease is tho least favourable to rigidity, but it enables 
us to place tho vertical rods in a projecting position upon each aide of the vertical portion of tho 
girder, without weakening in any part the section of the bare. The lattice is multiplied eight 
times ; the bars of which it is composed vary from 130/14 millimetres to 00/12, both for compression 
and tension : for here, the bars Ixdng weak, it is well to give, even to those subject to tension, an 
excess of section on account of the loss occasioned by the rivet-holes. In a line with the cross- 
girders, nt intervals of 3 metres, the lattice is encloses! by vertical rods formed of two angle-irons 
of 80/120/10 millimetres, one ou each side; and in the middle of the intervals then* are single 
rods formed of one angle-iron. The weight of all these rods to each lineal metre of girder is 42 kilo- 

15 A* 

grammes ; this result ogTeca with the formula which, for 8 = 3, gives — — = 45, the weight 

42 kilogrammes, not including certain pieces used to fill up the hollows in fixing the rods. The 
figure contains plans or diagrams of tho resistance of the flanges and the lattice : the former shows 
the arrangement of the horizontal plates and their joint-plates. In the diagram of the lattice the 
ordinates of the curve represent the strain ujxm a bur to the scale of 2J millimetres a ton or tho 
necessary theoretical section, abstracting the rigidity to the scale of 1$ millimetre a square 
centimetre ; tho broken line is the locus of the sections really adopted, or the strains to which tho 
bars would lx* liable if they could bo subjected to a stress of 6 kilogrammes a square millimetre. 
Tho weight of a girder is mado up of the following quantities : — 

Flanges, including joint-plates .. 7600*) 

Rare at 45° (including 270* for plates) 3300 f , { , r 

Wrtiettl rods (including 70 % for fUlin£) 12101 „ n - n [ ' 1 . 

Eml vertical pieces 800f 2070 j 4 jS » mutrt. 
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The formula of 111 will be made to agree with the results by supposing IT = 1 '30, V = 2* Ifi, 
and n = 12 kilogrammes nay the 0*026 of the total weight. The term fl includes the plates upon 
the l*rs at the points of crossing nnd the filling used in fixing the vertical rods. The value of V 
is high, because the tension-barn have been increased, aw well as those stihject to compression ; the 
discontinuous variation of section by groups of bars is nlso a source of loss. Yet, notwithstanding 
this high value of V, the rigidity of tin' lattice is to us loss satisfactory than in (he girders of the 
following examples, in which the bars have a better form. If the load were double, V could bo 
reduced easily to 1*90. The vertical rods agree with the hyijothoaes of the formula by taking 
8 = 3 metres, that is, by considering the single rods as borrowed from the double or principal rods, 
which art> to nn equal extent weakened. 

The end solid vertical pieces are also conveniently represented by the formula, for the term 
~ t £ (P -f- p') / 1 A gives 188 kilogrammes, four rods give GO h * or MO, nnd the 800 kilogrammes of the 

calculation will he completed by the fact that the total weight of the lattice proper is calculated 
for the whole length of girder instead of for the Is-aring only. 

If we suppose V + 1 = 2*35 4* O’ 27 A, the most advantageous height will bo obtained from the 
eq nation 008 - (11*69 4* 13*27 A) A 5 , whence h = alsuit 3 m *30. Reckoning in this case U = 1*42, 
the minimum weight will be 452 kilogrammes, including 12 kilogrammes for Cl. 

It will Ik* seen that the reduction of the height to 8 metres has not increased the weight in any 
Bcnsiblo degree. 

115. Second Example.— Girder ttith fivjid Struts and trith Vertical Roils, Figs. 1732 to 1741. — • 
Data: l = G4", 8 = 4 m , h = 8"*, p = 3000 k , p' = 3000 k (for the case of a single line loaded with 
4000 v ), p + />' = G000 k , q = 0*50. 

Here we adopt a mixed system, ljcttcr than the preceding ; the vertical rods are placed upon 
one side only of the lattice, which enable* us to place on the other side oblique liars with pro- 
jecting ribs, and arranged to resist compression : in the middle only, a few braces are made of 
angle-iron, because in certain coses they may !*> subject to compression. These angle-irons are 
then cut away in a line with the vertical rods ; hut their resisting section remains intact in tho 
|Kirt»ons of their length where they have of themselves to resist compression, producing a deflecting 
strain. 
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This system is of itself sufficiently rigid to allow the adop- 
tion of a more open lattice than in the case of tint bars : and, 
in fact, notwithstanding the considerable height of the girder, 
we have multiplied it only ten times. The vertical rods weigh 
only 145 kilogrammes a metro of girder, instead of 240 kilo- 
grammes, which the formula of 1 1 ] would allow. This goin is 
due to the rigidity which the struts already |K.»ssess. 

Tho following is the result of direct calculation : — 
j Angle-irons and vertical 
| ribs with their joint- J 20000* 

plates 

Horizontal plates with 


Flange*. 


f tenon or ujsusrcfuiuij 


it. 


Flanges < 


their joint-plates 
eluding 1000' 


th j , 


35500 


55500 \ 


iHMM [ 


96600, my 
I 1435* a 
J metre of 
girder. 





\l/ 


Bars at 45', including 1000* for 
plates and joint-plates .. .. j“‘ > “ 

Vertical rods, with their filling .. 0300 j 

End solid vertical pieces 6000' 

These quantities correspond with U = 1*25, V = 1*80, ft = 15 
(for plates on the bare), or 0*01 of the total weight. 

For the end vertical pieces, the term ~ (p -f p') / A I gives 

2000 kilogrammes, four vertical rods according to the formula 
will amount to 3840; these two amounts addi-d to the weight 

furnished by tho hypothesis that the lattice extends along the * Set6m of greater /AiA*™* 
bearing upon the abutments, will give more than the 0000 
kilogrammes obtained by direct calculation. 

If the height be increased, and the same degree of multi- 
plicity, and the same distance between the vertical rods re- 
tained, the latter being suitably strengthened, V will vary 
but slowly on account of the rigid form of the compres- 
sion-bars. Suppose, for example, 1 -f V = 2*40 -f 0*05 A, 

U = 1*00 + 0*024 A, ft = 15, and reduce to 10 A* * the 

term for the rods, the weight of the mMro of girder with tho 
present data, but for an indeterminate height, will be 

j = 5<H5 i- + 10-66 * + 2-97 A* + 468. 

The minimum is for A = about I)™ *30, and its value is 1430 

kilogrammes, whilst for the height of 8 metres the same for- *«-4- coo — 

mula gives 1450 kilogrammes. The height may, therefore, be 
again slightly reduced, without much disadvantage : taking 
it nt 7 metres, for example, the weight would not exceed 1495 kilogrammes a metre. 

116. Third Example. — Rigid Lattice-girder without Vertical Rods, Figs. 1742 to 1717. — Data: 
l — 40™, A = 4™ *50, p = 2200* (the girder itself weighing 900), p* = 3800* (the contiguous line 
only being loaded at the mte of 4300* a metre), p -f P = 6000, g = 0*633. 

The lattice is only sixfold. All tho bars are of a rigid form, and the connection at the points of 
crossing utilize the rigidity of the braces in favour of the struts. The bars on out* side of tho 
lattice keep the same direction throughout the length of the girder, so that uo projection is cut 
away. Calculation gives 

(Vertical ribs and angle-irons with their joint-plates 7500*1 04400 \ ^200*. say 
(Horizontal plates with their joint-plates .. .. 16900 /“ I 890 a 

Lattice-bars (including 300* for gussets at the points of crossing) .. 10300 f metre of 

End vertical pieces .. .. 2500 ) girder. 

These quantities correspond with IT = 1 *26, V = 1*90, and ft = 7*, say the 0*008 of the total 
weight ; V might be reduced if, instead of having only four series of sections for the bare, we varied 
them in a continuous mauner. 

If, when A varies, we suppose U = 1 *06 -f 0*046 A, and 1 -+• V = 1 *55 -j- 0*30 A, the formula of 
113 will become with the other data of the present example, y = + 29*8.A+1*5A* + 236. 

The minimum for a height of 6™ *70 will be 831 kilogrammes a metre, instead of 890 as for the 
girder iu the plan. 

117. Table* of Weight*. — We will suppose generally the following loads, which differ from those 
of 92 only by a small increase in the weight of the girders: — 

Girder * carrying one rail. Girder * carrying two rail*. 

/= 20™ 60™ 80™ .. .. 20™ CO™ 80™ 

p+ff = 3600* 8600* 4000* .. .. 7000* 6900* 7600* 


(Vertical r 

Flanges/ Hf 


q = 0*695 0*556 0*500 .. .. 0*714 

I/et us suppose again for girders carrying one rail, A 
and for girders loaded with two rails, A = ^ /, U = 1 *30, V = 1 *90, and ft 
113 will give us the following Table. 


0*576 

0*11/, IT = 1*40, V = 2*20, ft = 10; 

15. Thp formula of 


3 a 
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Weight a lineal metre of rigid multiple lattice-girders. 



Mitre*. 

Metres. 

Mitre*. ' 

Metres. 

Mitre*. 

Metres. 

Mitre*. 

Span 

*> 

30 

40 

50 

GO 

70 

so 

Girders carrying \ 
only one rail .. ) 

1 Kilo#. 

Kilo*. 

Kilo*. 1 

Kilo*, i 

i Kilo*. 

Kilo*. 

Kilo*. 

315 

465 

I 

G10 

7G0 ; 

910 

1125 

1335 

Girders carrying! 
two rails 

510 

750 

990 

1230 

1465 

1800 

2135 


Generally girders carrying two rails may be relieved of a jportion 
of their load, if we allow a strain greater than 0 kilogrammes tho 
square millimetre for tho accidental ease of two heavily-laden trains 
crossing the bridge at the same time. 

The weights in this Table exceed those of girders with simple 
crosses (105), but are considerably below those for girders with a solid 
rib (1‘29, 130, 188). 

1 18. For lattice-girders of flat bars, with stiffening vertical rods, 

V can receive hardly any reduction, and tho weight will increase fcy 
the addition of the rods. The latter form a rather arbitrary element ; 
but on the hypotheses made in section 110, and by giving to 8 a value 
varying from 2 to 5 metres, according as the span varies from *20 to 

80 metres, we may admit the following figures, which suppose the adoption of the same heights as 
in the preceding section. 


mr. , 

L.. 1 


psm | 



‘5V-J 

* 1 


Weight of the metre of a fiat lattice-girder, stiffened by vertical rods. 


Span 

, Metros. 
20 

Metres. 

30 | 

'Slum. 

! M 

1 Mitre*. 

50 

Mitre*. 

GO 1 

Mitre*. 

70 

Nitre*, 

80 

Girders carrying only one rail 

„ „ two rails 

Kilo*. , 

350 ! 
560 | 

xnoa 

530 

835 

KUml 
710 
1115 1 

Kilo*. 

890 

1400 

Kilo*. 

1075 

1G75 

Kilo*. 

1320 

*2055 

Kilns. 
1570 
| 2435 


We may, in the case of vertical rods, adopt heights a little less; but the weights will chango 
only in a very small degree. 

When the vertical rods are on one side only of tho lattice, as in Fig. 1732, we may make half 
the bars at 45° rigid, and reduce in consequence the weight of the rods. The valuo of the girder 
will then bo between those of the Tables in 117 and 118. 

119. Solid Oirders . — Vertical Portion . — The solid rib or web is exclusively employed for all kinds 
of girders of small dimensions, such ns cross-girders and minor longitudinal girders. We have 
already given in 13 to 19 the rules applicable to these kinds of pieces. 

Wo purpose now to examine girders of greater importance ; for there is an appreciable interest, 
in this case, in submitting the plates of the vertical portion and the pieces whien give it rigidity 
to a more minute discussion. 

Denoting the height of the girder by h , and the variable thickness of the vertical portion by c, 
the theoretical volume of the latter will be expressed by hf e dx } or by — / F d x, according to the 

*‘i 

value of e given in section 1. Replacing the area fVdx of the locus of the stress by the value in 
section 4, wo shall have for the whole bearing : theoretical volume of the vertical portion 

= r JjT<8 + P')(l+ ■ ?)'’. 

1*20. Comparing this expression with the theoretical volume of a multiple lattice at 45^ without 
vortical rods, namely, (p + />')^1 + ~r v^(l + V)/*, we see that if R, were equal to R, 

the solid rib wonld have only a volume equal to that of the braces in a multiple lattice, or equal to 
half the volume of this Intticc, supposing V reduced to unity. 

We may conceive this fact by imagining the solid rib split into a great number of strips at 45°, 
placed so as to form the tension-bars of a multiple lattice: these bars in mutual contact will press 
each other laterally, and these pressures will render useless the addition of struts; for nmd subject 
to a tensile strain at the rate of R kilogramme* the unit of section, may also be compressed at the 
same coefficient normally to its len^h without the resulting pressure exceeding R in any 
direction. 

But the coefficient R, of resistance to shearing force is usually token equal to 4000000, whilst 

3 

R rises to G000000. The vertical portion, or rib, will therefore already reach the — of tho theore- 
tical volume of a lattice at 45°. Besides this, the joint-plates and the pieces added to give rigidity, 
joined to the circumstance that the vertical portion itself cannot be strictly reduced everywhere 
to the theoretical thickness, render it in reality more expensive than the lattice, at least when tho 
gilder acquire* a certain importance. Stiffening pieces, or the application of a sufficient coefficient 
V|, ore, it is true, necessary for a multiple lattice also : but if it be a very open one, and bars of a 
proper form be adopted, a certain fraction of the required rigidity will he already furnished by the 
theoretical volume, which will reduce in an equal degree the supplementary additions. 

3 11 2 
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The continuity of the rib. or vertical part, prevents it from resisting exactly as a lattice ; the 
strains, too, vary in a continuous manner from one point to another, instead of remaining constant 
throughout the length of the imaginary strips of which we have spoken. If the plate were very 
thin, compression would produce corrugntions, while tension would lx> concentrated in certain 
points; the plate would wrinkle in directions near 45°, and the wrinkles thus formed would show 
the direction of the greatest tensile strains, or the positions of the braces in the lattice offering 
the greatest resistance, which might he cut out of the verticul plate, having regard to the mode of 
loading. 

This continuity of the vertical portion allows it to be introduced into the calculation of the 
moment of resistance ; but generally it will raise it onlv by a very small value, especially as the 
thickness is reduced to a minimum precisely in the middle, w here the moment of resistance should 
be great. It is, therefore, not necessary to compute exactly the part taken by the vertical portion 
in the moment of resistance : it is well even to undervalue it slightly, on uccount of the influence 
of the joints, which diminish the resistance a little. 

121. Flanges . — The variable section • of the flanges is given by the following equation, which 

expresses the equality of the moment of rupturo M to the moment of resistance : M = RAjj -f ) , 

V 6 K,/ 

see section 14. Substituting for M and F the values given in section 4, we deduce 




The maximum for x — — will be = 


(p + r‘) f* _ 
8 It A 


P'**_ 
12 R t l * 


From this maximum value, the theoretical section .* decreases as the ordinate of a pambola as 
we approach the abutments; it becomes nul at the point where the vertical portion alone possesses 
a sufficient moment of resistance hi lie in equilibrin with the moment of rupture, and beyond this 
it becomes negative even. But it cannot in reality be thus: not only must • not become nul, it 
must not even descend below a certain minimum >, which may be fixed in each case. If x, is the 
abscissa (reckoned from the abutment) which gives to s this value the total volume of the flanges 

will ha 2 £/«, + -jj- («, — j,) (I — 2 1)] • 

122. But this formula would be inconvenient, and it is better to consider simply the volume 

4 

of the two flanges as equal to — /*„ that is, as if the section varied parnbolicallv from s, in the 

middle to 0 at the extremities, and the coefficient U may serve to correct nearly the divergence 
between the form thus conceived, and the one occurring in practice. And, as the least thickness 
of the vertical rib in the middle is never less than O'" -006, we may compute its moment of resist- 
ance for this thickness, neglecting the surplus if the plate is stouter; «, will then have the 

value ** ■ — O’ 001 A, and consequently, total weight of the two flanges 

= )• 


123. Accessories . — To complete the weight of the girder, there yet remain to lx* computed the 
accessories of the vertical jiortion, namely, 1, the excess of material occasioned by the fact that 
the thickness varies by redans or gradations and not in a continuous manner, and also by the 
fact that it cannot descend in any part below a certain minimum, 0“'00ti for instance; 2, the 
joint-plates of the rib ; and 3, the pieces intended to give it rigidity. 

In girders heavily loaded, we may suppose that the redans ana the surplus thickness, indis- 
pensable in the middle, are equivalent to an extra continuous thickness of about 0“*0027 applied 
to the whole vertical rib. 

124. As to the joint t, they may be placed widely apart when the height of the girder does not 
exceed the breadth of the iron plates, and this is one of the causes which make the solid rib 
economical for small girders. But when the height becomes considerable, a case which we arc 
now discussing, we must not reckon upon distances greater than 0“’ ■ 1*0 between the successive 
joints. In order that the rivets may offer a double shearing section, for the purpose of reducing 
the breadth of the joint-plates, the latter are comfiosod of double plates placed on each side of the 
vertical rib ; these plates will nearly always be of 0 ,n ‘006, for a less thickness is seldom employed 
in the construction of bridges, and on the other hand that of O m OU6 is sufficient when the rib 
consists of stout nlate of 0 m *012. The breadth of the joint-plates may, at least over a certain 
portion of the girder, be limited to 0 ro *160, placing only one row of rivets upon each side of the 
joint. But if the stress reaches a high value near the supports, it may be necessary to place a 
double row of rivets, and to increase the breadth of the joint-plates to O'" 300, so that there may 

F 

always be on each side of the joint a number of rivets at least equal to , F being the stress, 

R, the resistance to a shearing force, and <r the section of a rivet. If, as a mean, we reckon 
0*'200 for the breadth of the joint-plates, they will be equivalent to an extra continuous thick- 
ness of O’" '0027, which, addod to that of the preceding section, gives 0 m 0054. 

This amount may be retained for girders lightly loaded ; for if on the one hand the breadth of 
all the joint-plates is reduced to 0 m 160, which produces an extra thickness of only 0 m 0O22 ; on 
the other hand, in small girders especially, calculation will assign thicknesses too far below the 
limit. 

125. The pieces addl'd to give rigidity are usually vertical and arc applied to the joint-plates ; 
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they thus form vertical rods. which are made use of in fixing the eroHs-girders, or brackets. Their 
section is not determined by rigorous laws, it is necessary only that their projecting riba should 
increase with the height, to ensure rigidity. It is often advantageous to increase those situate 
in a line with the cross-girders at the expense of the intermediate ones. Let us, for example, 
suppose adopted, for heights of 2 to 5 metres, the arrangements shown by Figs. 1748 to 1751, 
which gives the horizontal section of a certain length of vertical rib. 


iris. 



With these forme, the angle-irons and transverse plates, not including the joint-plates, will 
weigh 12 A kilogrammes a square metre of vertical rib, and this is equivalent to a reduced thick- 
ness equal to O’ 00154 A. We will put it at 0'002A, to be able to increase the rigidity of the 
vertical rib ngnin towards the ends. This value is considered as applicable to strong as well 
as to weak girders; it will constitute for these latter an addition of strength relatively greater, 
as, indeed, should be the case, for it is the weak vertical ribs which are most liable to twist. We 
may, within certain limits, modify the distance of the vertical stiffening pieces apart by modifying 
inversely their section. Sometimes we shall do well to fix the transverse plates by means of a 
single angle-iron, and to rivet to tho exterior odgo a second angle-iron. The intermediate 
stiffening pieces will have a (J form instead of a and the border angle-iron will give a 
gratuitous increase of rigidity. 

126. Formula ami Table of Weights for Solid Girders. — Adding the weight of the theoretical 
vertical rib (119) and that of the flanges (122), reduced to the lineal metre of girder, as well as 
the accessories equivalent to extra thicknesses of 0 m4 00. r >4 (124) and of 0-002 h (125), we obtain 
the following formula as the expression of the weight of the girder a lineal midre : 

P 1 /IJ/ 8 

7 = g (/> + />') H { J- + g (6 + 7)) + h (42 12 - 8000 t U + 15*6 A). 

As q has but a small influence, we may substitute for it the value O' 60 from which it will 
generally not differ much, and we shall then have 

j =(p + |O({0-00O2167ui + 0-00053G3 J + A (42 12- 10 4U + 15'6A). 

Substituting for the coefficient U in this expression the value assigned to it in 64 and soeking tho 
condition of the minimum of expense, we find that tho most advantageous height A, must satisfy 
the equation : 0 23 (p + p) P = (31510 + 31200 A) A a . 

127. The loads p + p‘ do not vary much with the span, because the moving load p‘ decreases, 
while the dead weight of the girder increases. For spans of 20 and 55 metres, wo may adopt the 
following loads, according as tho girder is to carry one or two rails : — 


20 metres span 


55 metres span 


Exterior dead weight .. .. 

Weight of the girder .. 
Moving load p' 

Total load p + p' .. 

(Exterior dead weight . . 
Weight of the girder .. 
Moving load 

Total load 


Girders carrying 

One Rail. 

j Two Italia. 

kilos. 

kilos. 

700 

| 1400 

400 

600 

2500 

5000 1 

3G00 

7000 

1 700 

1400 

1300 

2000 1 

2000 

4000 

4000 

7400 
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Substituting these quantities in the equation of the preceding section, we find that, for 20 metres 
span, the most economical height will be 1™*90 if the girder supports only one rail, and 2 m *45 if 
it supports two mils. For 55 metres span, we obtain respectively 4"’ 20 and 5** *20. 

Thus, for girders the least loaded, the ratio of the most advantageous height to the span would 
vary from 0*005 in small spans, to 0*076 in long ones; and for heavy girders from 0*12 to 0*095. 
We nmy alter these heights n little without the weight changing sensibly, and it will often be 
advantageous to reduce them, either to lessen the vertical cross-bracing and cross-ties if the bridge 
is loaded on the upper side, or to increase the stability if the girders arc loaded on the lower side, 
or again, to satisfy conditions of limited thickness.' In the following Tables we give heights 

reduced by about — • 


128. It remains to compute U, which, according to 06, may Iks expressed by I * 06+4 *80 


or 1 *00 + 


1'10B% 

A (31510 + 31200 A) 


R*.A 

(P+Plt*' 


by replacing — by the value obtained from the equation which ends 


section 12(5. From this U may bo regarded as independent of the load ; it diminishes when A 
increases, but only by the factor between parentheses, for ~ will be nearly constant, since it is 


necessary to adopt a minimum section of flange *, greater in proportion to the dimension of the 
glider. * 

For example, if the girder is 1 th * 80 high (bridge of 20 metres), we may make s„ of one plate of 
8/508 millimetres and of two angle-irons of 80/80/10 ; for a girder of 4 metres high (/ = 55), we 
may take a plate of 550/8 with four anglo-irous of 100/100/12, two of which are placed next the 


vertical rib and two at the edges of the flange. 


In both cases this would give * 1 ^ ^ - = about 


22000, and consequently U = 1*31 for A = 1*80, and 1*20 for A = 4. We shall, therefore, vary 
this coefficient from 1 *80 to I *20, according as the span varies from 20 to 55 metre*. 

120. The several hypotheses made in the preceding sections lead to the following Table for 
the weight of the lineal metre of solid girders, the heights adopted being a little under those which 
would correspond rigorously with the minimum expense. 




Metres. 

Metres. ! 

Metre*. 

Mftrr*. 

Metres. 

Metre*, 

Metres. 

Metres. 

Span .. 


20 

25 1 

30 

i 35 

40 

45 

50 ; 

55 

Girders carrying one rail ' 

1 Height . . 

1*70 

2*00 

2*30 j 

2*60 

2*90 

3*20 

3*50 

3*80 

(p+p'c= 3600 to 4000 I 
kilogrammes, accord- | 


KU«W. 

Kilos. 

Kilos. 

Kilos. I 

Kilos. 

Kilo*. 

Kilo*. 

Kilos. 

ing to the span) . . J 

I Weight a metre 

370 

485 

610 

785 ! 

870 

1000 

1140 

1285 



Metres. 

Metres. 

Metres. 

Metre*. 

Metre*. 

Metres. 

Metres. 

Metres. 

Girders carrying one line 1 
of mils (p + p* — 7000 

Height .. 

2-25 

2 00 | 

2*95 

3*30 

3*65 

4 00 

4*35 | 

4*70 


Kilos. 

Kilns. 

Kilos. 

i Kilos. 

Kilos. 

Kilos. 

i Kill#, j 

Kilos. 

to 7400) | 

Weight a metro 

570 

750 

940 

j 1125 

1320 

1525 

1730 

i 1940 


We may compute by interpolation the weight of girder* supporting intermediate loads. If, for 
example, for a bridge of 55 metres span we had p + p' = 6400 kilogrammes, we should find that by 
adopting a height of 4" ■ 45 the weight of the lineal mfetre would be about 1750 kilogrammes. This 
weight would be substituted for that of 1940 kilogrammes for a girder carrying one line of rails; 
if, instead of a load of 4000 kilogrammes, which supposes both lines loaded simultaneously, we 
considered a load of only about 3000 kilogrammes for the ordinary case of the passage of one train, 
the strain a square millimetre would then exceed 6 kilogrammes in the exceptional case of two 
heavily-laden trains crossing at the same time. 

130. Other Formuter. — In the foregoing discussions we have distinctly stated that the thickness 
of the vertical rib should not descend below a certain minimum, which may be fixed at 0**006, 
but this condition has not been positively expressed in the formula; we have contented ourselves 
with providing for it by the aid of an approximative extra thickness. This condition is, however, 
easily expressed, os we shall see; but to do this we must distinguish two cases, that in which this 
minimum thickness of 0**006 is sufficient throughout the length of the girder, and the contrary 
case. The vertical rib being calculated for a strain of 4 kilogrammes a square millimetre, the 
two eases in question are equivalent to those in which the quantity (p +/>')/ is less or greater than 
48000 A. 

First Case : (p + j/) / < 48000 A. — The vertical rib has a constant thickness of 0**006, and it 
requires joint-plates with a single row of rivets on each side of the joint. We shall then have, 
remarking that the joint- plates ere equivalent to an extra thickness of 0 m *0022, 

? = (/’ + P*) ^+4(64 + 15-64 -SOOOiU). 

I 6 A 


This formula may be applied to girders earn ing only one rail, provided the height be not too 
small. On the contrary, the formula of section 126 supposed tacitly that the height was not great, 

iu order that the vertical rib should not become too weak. With the new expression of — the most 
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economical bcieht wUl be a little leas than hitherto : thus for the bridge of 20 metres loaded with 
3000 kilogramme's a me tre, it will !»• only 1-75 instead of 1!»; and Tor the bridge of 55 metis* 
loaded with 4000 kilogrammes, it will be 8 115 instead r,r4'20. Bat retaining the same heights, 
loads, anil values of U introduced into the Table in 120, the present formula gives the following 
weights, which hanlly diffe r from the preceding. This Table ends with S5 metres span, because 
beyond the condition of the present case would not be fulfilled. 


Span 


Metre*. ] 

Moire*. 

Wtra. 

! 20 1 

25 

30 1 

1 Kilos. 

Kilos. 

, Kilos. 1 

370 

180 

1 600 


35 

Kilo*. 

725 


W: <p + p')/> 48000 A.— This will always bo the case with girders Dairying 
it will also ho tho case with girders carrying only one rail, if their height is below 


131. Second Cate: 
one line of rails, 
a certain value. 

Fig. 1752 represents the plane of 
the theoretical vertical rib, through- 
out half tho l Hearing, the thicknesses 
being exaggerated. If the plate lmd 
everywhere only 0 m • 000, its volume for 
the whole bearing would bo 0*006 l A ; 
but we must add to it the triangular 
prisms one of which is shown in the 
figure. These prisms should have 
rigorously a curvilineal face, but wo 
may neglect the influence of q, for it 
is perceptible only in the middle, upon 
the locus of tho stress. The maximum 


•til 

-3 

ns*. 

-F 




240WI A 


stress requires at tho ends a thickness <*, = 




2R,/i 


sooSwT * npposins R ‘ = 400000 °- 

[(« + o')! — 48000 A]* 
Consequently, tho volume of the two additional prisms will be | qqoOOOO ( p + />') — 

But as the thickness, instead of varying uniformly, decrease* by redans or gradations of 0™ * 002, 
we must add a mean thickness of 0" *001 to the part over which the prisms extend ,* it may bo increased 
to 0* 0012 even, to take into account various circumstance's, especially that of having neglected 7, 

and it will givo a new supplementary volume equal to — yr- [(p + — 43000 A]. 

We shall have besides : — 

Joint-plates and stiffening rods in the parti _ 48000 A* 

where the vertical rib is only 0" *006 f p -f // * ‘ ' * 

Joint-plates and stiffening rods in tho parti C P 4- ~ 48000 A ^ A> 

where the vertical rib is strengthened / p 4. ;/ v '* ' * 

132. Collecting the various elements of tho vertical portion, ns they have been computed, adding 
to them the flanges according to section 122, then transforming the volumes into weight, and 
dividing by tho bearing, we shall have 
/ <U r 


6 A 


[( P + P') P — 0 ‘ 1 008 R A*] (flanges). 


+ 4C-8A + 
9 3CA 


0* 0004875 
(P +P') 1 


[( p -f- p') / — 48000 A]* (vertical rib according to Fig. 17.52). 


-p _ — _ [( p -f p') / — 48000 A] (redans in tho strengthened portions of vertical rib). 

48000 A* •» i) ( Pjh 48000 A , A (joint-plates, and so on, of 

+ CP + /0« Ul <P + jO* * the vertical rib). 

Making R = 6000000; t = 0*0013; 

Weight of the joint-plates a square metre of vertical 1 , _ o« • 0035 x 7800 k = 27 k *3; 

nb in tho extreme strengthened portions . . . . / ” 

Weight of the vertical rods a squaro metre in the! ^ A _ o»*0024 X 7800 A = 18*72 A; 

extreme strengthened portions 

Weight of tho joint-plates a squaro metre in the in-1 > _ o».<)o22 x 7800 k = 17 k *16; 

termed i ate portion ». 51 

Weight of the vertical rods a square metre in tbcl A _ O'" 0016 x 7800 A = 12*5 A; 

intermediate portion / ' 1 

the formula will bocomo 


j = (p + p') l + 0*0004875) + A (36*66 - 10*4 U + 18*72 A) 

r (298560 A -187200). 


A* 


(p + pV 
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133. The most economical height will here be given by the following equation of the fourth 
degree (U being replaced by the expression in G4): 

0 ■ 0002207 (p + p'fl* = 25*64 (p + />')/*’ + 37 '44 [(/> + p*)l+ 10000]/.* - 895680 A 4 , 
which ought to give values a little greater than hitherto, since we liave expressed the fact that, 
in proportion as the height increases, the lengths of the jmrtions of vertical rib which need to be 
strengthened are reduced. And, in fact, for / = 20 metres, and p ■+■ p = 7000 kilogrammes, we 
obtain 2 m, 70. instead of 2® '45, found by the first formula; and for / = 55, and p 4- p' = 7400, wo 
find 5*45, instead of 5-20. 

By increasing the heights, therefore, a little, we shall form by means of the last formula the 
following Table, in which p 4- p‘ varies from 7000 to 7400, and U from 1-30 to 1 '20, in proportion 
as the bearing increases from 20 to 55 metres. These loads refer to girders carrying two rails, 
a test which in general is realized in a complete manner only when both lines are simultaneously 
loaded. 

Mc'rts. Mitre*. Metre*. ' Metre*. Mitres. Metres. Metre*. Metres. 

Span I 20 25 30 35 40 45 50 55 

Height 2*50 '285 320 3*55 3 00 4*25 4*60 5 00 

Kil»«. KUns. Kilo*. Kilos. 1 Kilo*. Kilo*. Kilos. Kilos. 

Weight of the metre of gilder .. .. 535 710 800 1070 j 1205 1400 j 1070 1870 

Theac weights are a little less than those obtained by the first method. 

134. Example of Solid Girder , Figs. 1753 to 1757 : / = 35 metres, p + />' = 7000 kilogrammes. — 
According to a direct calculation, this girder weighs only 1030 kilogrammes a lineal metre. The 
arrangements shown in the plan for the joint-plates of the flanges allows us to reduce the co- 
efficient U to the value 1 *20. 

135. Girder s frith Inclined Stays. — When vertical stays or rods are not deemed necessary for the 
purpose of affixing cross-girders or brackets, they may be replaced by oblique pieces crossing the 
Mat joint-plates, which would remain vertical and would be interrupted in the line of these pieces. 
The latter would be inclined to 45°, nearly normally to the wrinkles which would be produced if 
the plate were not stiffened. This arrangement is alluring; however, the economical advantage 
of it appears doubtful, because for the same normal distance between the consecutive pieces the 
diminution of their number would be compensated by the increase in their length ; or rather the 
distance between the oblique bars may be greater, but their section should bo increased to au 
equal degree, for these pieces, concentrating upon themselves by the effect of their rigidity the 
strains of compression, may be considered as the struts of a lattice which would be completed by 
the tension of the plate in the direction of one of the diagonals of eacli panel. Now for one direc- 
tion given to these diagonal tensions of the plate, we may 
replace two vertical stays A B, CD, Fig. 1758, by a single 
stay A D, which would be equivalent to them, for with the 
inclination of 45°, for example, it would have its strain and 
its length multiplied by ^2. Thus between the imaginary 
lattice ABCDEFO, and the lattice A D E H, there would 

l»e this essential difference only, namely, that in the second, Arc 
the plate will be relieved of the diagonal tensions BC, FO, A C E G 
in the rectangular panels occupied by the oblique bars. But there is small advantage in this, since 
this plate must resist equal strains in othc^ panels, and besides, these stays were not intended to 
reduce these strains. 

The adoption of oblique pieces will in no degree change the form of the formulae of weight 
given, 119 to 135. It would be sufficient to introduce other values for the weight of tho stays 
a square metre of vertical rib, if it were thought a reduction might be made. 

136. Formula applicable to Dow Bridges. — Bow-girders are metallic frames consisting of two 
curved flanges more or less distant from each other in the middle, and approaching each other 
towards the extremities where they are bound together by strong wrought-iron plates. If wo 
consider any vertical section, the action of the flanges, having an inclined direction, will produce 
a vertical force capable of resisting, in part at least, the stress upon the bridge. The lattice con- 
necting the flanges at certain intervals may thus l*t greatly relieved. 

If the lattice is a simple one, the bars, or at least some of them, must necessarily possess 
sufficient rigidity to resist compression. This is doubtless a great disadvantage, for the theore- 
tical strains being small we shall obtain the rigidity only at the cost of a great increase of section. 
This increase, however, is confined within rather narrow limits, even if we do not bring into play 
the rigidity of the bow itself; since the coefficient of stiffness, if it has a high value, is applied to 
only a small fraction of the total weight. Wo may, therefore, not hesitate to adopt for this 
coefficient a value of 2*50, for instance, which raises to GO the ratio of the length to the reduced 
thickness (G8). But. by doubling the diagonals of the lattice, we may in certain cases entirely 
suppress the compressions in the vertical portion, or at least render them unworthy of consider- 
ation, os we shnll see in 144 and 157. As an expenditure of material, this will Amount to nearly 
doubling the theoretical weight of simple diagonals not possessing rigidity ; for we arrive at this 
elimination of the compressions only by supposing, in any cross, that one of tho diagonals of which 
it is composed remains inactive at a given moment. The compression is always thrown upon the 
vortical rods, where it is destroyed or very much reduced by a permanent tension dne to the dead 
weight of the flooring. 

These considerations allow ns to study bow bridges ns simple articulate systems, which will 
lead ns to formulae for the computation of their weight more precise and simple than the method 
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of introducing tho rigidity of the bows themselves, and, consequently, the form of their section, 
could do. When a scheme is devised in which this rigidity plays an important part, it is because 
something is to be gained by it, and then our computations will still lie useful if wc consider them 
as forced a little. 

It is generally more convenient to make only the upper flange or bow arched, the lower flange 
or stringer Wing straight and provided with points for fixing the cross-girders. We shall designate 
more specially this particular form by the name of arched girder. 

137. Parafxylical Arched Girder, divided into an oil l number of intervals. Fig. 1759.— Let I =(2 m+1) 8 
be the bearing and A tho height in the middle. The bars, whether vertical or oblique, are num- 


1759. 



bered from the middle. The bow is a polygon, having its summits upon a parabola with a vertical 
axis, and the sides of which have a constant horizontal projection equal to 8. 


The nth vertical rod lias a length expressed by A fl — — 1 , and the value of tho sum 

L m (m 4- 1 )J 

The length of the nth section E F of the 

** o o 

1 


of the lengths of tho 2 m rods is — (2 m + 1) or — ^ 


curved flange is - 


3 3 

V" to* («» + 1)* 8* -f 4 (w — 1)* A*, and makes with the vertical an angle 


m (m 4- 1) 

. . 2 A (n — 1) 

’PVOO by cotan. T = m(w + 1) ; . 

The length of the nth diagonal shown by the full line is 

- m* (m + 1)* 8* -f [m (m + 1 ) — n (» 


-1)]*A», 


TO (TO + 1) 

and makes with the horizon an angle a tho sine of which is 

m (m -f- 1) — n (n — 1) 

•J m* (to + 1)* 8* + [to (w 4* 1) — n (n — 1)]* A* 
Tho length of the nth diagonal shown by tho dotted lino is 


Sin. a = - 


1 


TO (TO -f 1) 

and the sino of the angle of inclination is 


*Jm' (r» + 1>*9 + [m(m + 1) - n(« - 1) (n - 2 ffh', 


Sin. a 


m (m -f 1) - (n - 1) (n - 2) 


•J m*(m + l) 1 8* +”[m (m + 1) - (n - 1) (n - 2)f A* 

138. 1. — Let us first supjxjse a simple lattice formed by the vertical rods and the diagonals 
shown by tho full lines. 

If the framing is subjected only to a permanent load uniformly distributed according to the 
horizontal, in such a manner that a weight equal to is applied to the foot of each vertical rod, 
this weight will express the constant tension of all the rods, which act ns simple suspension-rods 
to transmit the load to the several summits of the polygonal arc. Their total theoretical weight will be 

= •— • (2 m -f l)p 8 A i denoting as before the ratio of the weight of the cubic metre of iron to the 

admitted resistance R. 

Tho nth section of the bow is subject to the following strain of compression : 


P* 
2 A 


Vm* (w 4- 1>* 8 1 + 4(» - 1)* A* ; 


whence wo deduce for the total weight of tho bow tho value U (2 m 4- 1)/> 8 1 — 4* * 


The lower flange, or stringer, bears a constant tension equal to 


m (m 4- 1) p 8* 
2A 


which gives it a 


total weight = - m ^ • The letter U still denoting the coefficient for joint- 

plates and other accessories. 

It is useless to enlarge upon these formula;, well known in the theory of suspension bridges. 
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jm* (m + 1)> + [m (m -f 1) — n (a — 1)]* A j . 


With the present mode of loading, the parabolic form given to the l>ow assimilate# it to a funicular 
polygon, that is, its several elements have precisely the directions which they would of themselves 
assume if they were li ft free to turn about their summits. It is, indeed, easy to prove that the 
action of any section has a vortical projection equal to the stress, ho that the diagonal is inactive. 

UK*. It will not be the same in the ease of h moving load which, although distributed uniformly 
in the proportion of p f 9 n vertical rod, may exist on a certain (mrtion only of the length. 

To find the maximum strains upon the several sections of the flanges, the load must lie extended 
over the whole bridge; for these strains'depend only upon the moments of rupture atiout certain 
summits, and these moments increase always in proportion as we add new loads upon a certain 
point in the bearing. The strains and weight of the flanges will, therefore, be obtained by the 
form u be of the preceding taction by substituting p + p' for p. 

But the strains Upon the bare are at once functions of the moment of rupture and the stress. 

I-et T lie the strain unon the diagonal E D, Fig. 1759, M the motueut of rupture about the 
point D, the abscissa of which is (m — n + 2) 8, ami F the stress between C and 1). The strain 

upon the section E 1 of the bow will be equal to — , and, consequently, considering the por- 

tion of the girder situate to the left of the line G H, the condition of equilibrium relative to the 

vertical forces will give, supposing T to be a tension, T = - cotnn.y 

sin. a D 1 sin. a 

This expression is of the form BF- AM, A and B being given quantities. Therefore, from 
section 7, it will become a maximum when the load is applied to the point D and to all those 
on the right. Taking this maximum value, and substituting the values of cotan. y, sin. a and I) I 
(the length of the (« — l)th vertical rod), wo find that the diagonal should bo capable of resisting 
a struiu of tension, 

T = 2(2,1 4. i)A •f m ’ (" + *)’ •* + [«» ("‘ + !)-«(» - 1)? >'■ 

We know that if we complete the load by adding weights p‘ 9 at the lxittom of the vertical 
rods situate to the left of G H, the diagonal will lie relieved of its strain. Therefore, this comple- 
mentary load placed alone in its turn should produce a compression equal to the preceding tension. 
Thus, applying a coefficient of stiffness V, the weight of the diagonal in question will bo 

P 9 1 V 

2m(m+ 1) (2 m + 1) 

To find the total weight of the 2 m - 1 diagonal bars, we must scan the preceding expression 
in which n takes the successive values 1, 2, . . . m, double the result, and then subtract whnt the 
above expression becomes for n = 1, in order not to reckon twice the middle dingounl. We shall 
l>e induced, for the sake of symmetry, to divide this diagonal into two pieces to form a central 
cross, but the straiu will be distributed lxitwecn the two bare of this cross, and there will be no 
increase of weight. We obtain : 

Total weight of the (2 m — 1) diagonals shown by the full lines, 

2(2m + l) [ m (M + 0 <»" ~ 1) T + ^ <»6 »* + 9w ' + ” + *>]• 

HO. Analogous calculations may be applied to the nth vertical rod CK. Cutting it by a 
section (»’ 11', supposing it to be subject to a compression T', and calling M' the moment of rupture 
about a point C, the abscissa of which is (m — « -f l) 8, we sliall have by the equation of equili- 
brium relative to the projections of the vertical forces, T' = F — ' — ^ ‘ y ; y is the angle of 

the (n + l)th section of the bow with the vertical, and EC the length of the nth rod. 

This expression is also of the form BF — AM*. Treating it by the rule in section 7, we 
. , _ (m — n) (m + n — 1) 

obtain for the maxima compression of the rod, T = — — — — p 8. 

- (2 m -p 1) 

Hero F was the stress taken beyond the point to which tho moment M' is referred. It follows 
that this maximum strain T' is produced when the load is applied to the point I), and to those 
following it as far as B. This compression will bo wholly or partly neutralized by tho perma- 
nent tension duo to the dead weight. 

When the load is completed, the vertical rod, instead of being subject to a strain of compres- 
sion T*, is, on the contrary, subject to a strain of tension p' 8. Therefore the complementary load 
placed alone in its turn should subject the rod to a tension 

(m + » -f 1) (m - « + 2) ,, 

r = P i + r = 2(2„7TI) 

which always greatly exceeds the maxima compression, especially when wo add tho permanent 
tension p 8, due to the dead weight. 

It may happen that this latter tension is always sufficient to destroy tho compressions which 
the load may produce. We may, therefore, from this point of view dispense with a coefficient of 
stiffness, and calculate the rods by tension only. Adding the dead to the moving load, and 

denoting the ratio — — - by 7, tho weight of the nth rod will be 




(m + n — 1) (i» — n)‘ 
2 (2 m + 1) 


]• 


an expression which being doubled, then Bummed from a = 1 to a = m inclusive, lewis to 
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Total weight of the 2 m vertical rods = 


2 (p + j/)m 


2 m + 1 + q . 


On - 1) (2m - 1)“| 


141. Adding the weight of the flanges, of the diagonal* and of the vertical rods, substituting 
for 3 its value iu /, and dividing by /, we obtain for the mean weight of the lineal metre of girder, 

/ (P + P) ^m-H^L +7> 2(2"+l)’J A + 3 


{2 (U + 1) + 


L [Wd + v). 


10 (2m + 1)’ 


9 V) - m (4 - V) + 4 (1 + V)]} + «. 


The term fl includes accessories indc)Hmdent of h. 

Substituting N for 2 m -j- 1, we may write also 

^(, + y)o..^( u+? v.^)J + ^ 

{2 (U + 1) + ^ [SN* (1 + V) - 5N> (8 + 3 V) + 8N (0 + V) + 15 V]} + n. 

Such is the formula applicable, N being odd, to a bow-girder with simple rigid diagonals. If 


the height is great, the vertical nxls may with advantage |sjsaesa rigidity, because they may fur- 
nish resting points for fixing the vertical cross-bracing which is needed to maintain tho vertieality 
of tho girder. In such cases wo may either subject them to a coefficient V, or retain tho preceding 
. ... . 2 N*A* _ , 


formula, by adding to it a term \ 


■ for the addition, to each rod, above the theoretical section. 


of a projecting Ab weighing 6 ft a lineal metre. 

The first method would have tho advantago of simplifying the formula by reducing it to 

7 =(f+p')<{^ • 5(° + » v -lii 2 )+ s[*(u+ i) +^o«» , -«» , +M»+ie]}+o. 

142. 2. — If the diagonals shown by the full line* of Fig. 1759 are now suppressed and replaced 
by the diagonals shown by the dotted line*, wo shall have another system of Bimple lattice, which 
will give occasion to analogous calculations. The value of tho strain either by tension or by com- 
pression upon the nth diagonal is 

2 (2 m + 1) A ' /m ' (m + iy ** + C" + O - (» - 

and consequently we have : 

Total weight of tho 2 m - 1 diagonals shown by the dotted lines = 

»*8<V /m(m-H)(2rn -1)5* h . . __ . . __ . \ 

-JL 1 v - — + — — (16 m 4 + 55 ro* + 70 m* - 85 m 4- 4) > . 

2(2m+ 1)\ A Id (m 4*1) > 

The vertical rods are subject to the Bame strains, and make up the same total weight as with 
the first system of diagonals. 

143. 3. — Generally a single system of diagonals will not be sufficient, and a girder of complete 
crosses will be adopted. The strains are then indeterminate, and we are froo to calculate the 
pieces from one or the other of the two following points of view. 

We may, in the first place, consider the complex system as resulting from the superposition of 
two simple lattices, each comprising a certain portion of the section of the flanges and vertical rods, 
plus one of the systems of diagonals, to tho exclusion of tho other. It is natuml to attribute a half 
of the load to each of these two constituent parts ; and, consequently, the diagonals will have their 
strains and their weights given by the same formula) as if they were simple, by changing p‘ into 

- />'. The flanges retain the same weight ; as to the vertical rods, the present hypothesis divides 

them into two portions, one of which is subject to a strain of compression and the other to a straim 
of tension, under the action of a determinate load extending over a |>art only of the flooring. For 
example, if the low! be applied only to the rod under consideration and to all those to the right, it 

n' 5 

will produce upon this rod on the one hand a tension — (rn 3 + 3 m - n* + « + 2), and 

on the other hand a compression — - — — (m* — n* — 3 w — n — 2). The resultant is a tension 
4(2m+ 1 ) 

—7-77 p’ 8 1 the maximum of which is />' 8 for » = m. Now this maximum is required of all 

2(2 m 4* 1) 

the vertical rods when the bridge is completely loaded. They must, therefore, be all calculated for 
a tension equal to ( p + p’) 8, without taking into account their mode of participating in the 
resistance of the two component simple lattices. 

We therefore give : 

2 

Total weight of the 2 m vertical rod* - - (2 m + 1) (p 4 p’) 8 1 h. 

The total weight of tho metre of girder is then 

7 = (2^+77 {"<”* + 1 > P ( u + 2-^TTT)) i + ![<"+ w- + v 

, ■» -n* + 10m>+ 10 m’ - 10 m + 17 , > 

+ lV ’ 5(m+lJ ■ + 
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or, If / it* expressed by N 8 (N being odd), 


: = <" +*> ' (w- ** ( u + ra) \ r O' + ' + § ( N + 


1 30 (N - 1) 

N“N*(N + 1) 


)]} 


+ fl; 


a formula to which we shall generally have to add (141) a terra ^ N 6 A’, allowing us to enlarge 

the vertical rods by means of projecting ribs or gussets for the purpose of maintaining the verti- 
cal ity of the girder. 

144. But the diagonals being very long and subject to small strains, can be stiffened only by 
means of a high value of V. Now, considering them ns very flexible rods, unable to resist any 
compression, they will of themselves elude this kind of strain by yielding, and the lattice will 
assume another mode of resistance, in virtue of which the strains of compression will always bo 
thrown upon the vertical rods. Choosing diagonals which at any instant are prepared fora tensile 
strain, the whole framing will offer a constant resistance. From this point of view, the two systems 
of diagonals will bo calculated each for the whole load, which is equivalent to making V = 2, in the 
formula of the preceding section. It is truo that in this case the vertical rods may be required to 
resist compression, but it will be to a very small coefficient, for the permanent tension p 8 neutralizes 
in a great measure, if not altogether, the strains in the opposite direction. The real strain of 

compression, if such bo produced, is limited to ■-- - — — (m— n)(m + n — 1) — p8, whilst under 

2 (2 m + 1) 

a complete load the maximum tension reaches (/>+//) 8. If, therefore, p be not less than 
— P* the vertical rods can never be subject to compression, in which cose we obtain this 

remarkable result, that all the lattice-bars have to resist tensile strains only, which obviates the 
necessity for rigidity. This allows us to adopt great heights for girders, and to make the arched 
form more advantageous than the straight. These favourable condition* still exist when the 
maxima compression of the vertical rods, without being always nul, remains at least within certain 
limits ; and if there is occasion for applying to these roils a coefficient V, as we are about to do, 
it is much less on account of tho possible compression, than for the purpose of maintaining tho 
vertical position of the girder by means of suitable arrangements ; such, for instance, as the vertical 
cross-bracing fixed to the rods in Fig. 1762. which rods must furnish sufficientlv firm points. By 
adding this coefficient V applied to the vertical rods (but no longer affecting tlio diagonal bars), 

the addition of a term - — - — as in the preceding case, is rendered superfluous. It is the same 
addition expressed under another form. 

It is evident that there will be an advantage in bringing the pieces of the vertical portion of tho 
girder into accordance with the second hypothesis rather than with the first, whenever the latter 
would require for the rigidity of the diagonals tho application of a coefficient V greater than 2. 
But it is scarcely necessary to remark that, although freed from all compression according to the 
second hypothesis, the diagonals will offer greater security if we give them all the rigidity which, 
with a convenient form, the aren of their theoretical section admits, for wo shall thus render them 
capable of resisting at pleasure in two different ways ; the mode of effective resistance will be a 
kind of mean which will limit the real strains to a figure smaller than tho admitted limits. 

145. From the considerations in the preceding section, the weight of the lineal metro of arched 
girder with complete crosses may be represented by 

f(U 4* V) (2 m + l) a + ^l_(tra'+10m* + 10™>-10»i + l)l} + n; 

L 0 (m + 1) J) 


or, if / is expressed by X 8 (N being odd), 


1 


30 N — 1 


+ N N*(N + 1) 


)]} 




146. Parabolic Bow-girder divided into an even number of intervals . — We will now suppose that the 
Ixvmng l is expressed by 2 m2, and we shall consider the general case of a bow both flanges of 
which are curved, as in Fig. 1760. 

The total height in the middle is the sum of the versed Bines A and A' of the curve above and 
below the horizontal A B, drawn through the points of meeting at the ends. The various pieces 
are, as before, numbered from the middle. 

If the flooring were placed according to the tangent to tho lower flange, we should have to 
lengthen the vertical rods to this tangent and to add a horizontal longitudinal girder. But nothing 
prevents us from placing the flooring at the height of the line A B. and Raving, if not the longi- 
tudinal girder, at least the lengthening of the vertical rods ; unless the upper bow be, as in the 
bridge at Saltnsh, formed of a single tubular section projecting over tho space occupied by the 
flooring, an arrangement which requires the extremities A and B to be kept at a sufficient height 
above the mils. But two distinct framings well tied and braced together, leaving, of course, a free 
passage for the trains, may constitute a sufficiently rigid whole ; and we shall, consequently, con- 
sider only the pieces represented in the figure, except the casual addition of a longitudinal beam 
tying together the vertical rods at the height of the flooring, this piece beintr regnrdcd as included 
in the term n independent of the height. 


Digitized by Coogle 


84 G 


BRIDGE. 


17 * 0 . 



We have as geometrical data : 

Length of the nth vertical rod = — ^ — — (A + A') ; 

m* 

(4 m * — 1) 

Rum of the lengths of tho 2 m — 1 vertical rods = (A + A') — — - — ; 

Length of the nth section of upper flange = »» 4 8*+(2n — 1)* A* ; 

ni* 

Length of the nth diagonal shown by a full line = ^m i S 3 -f [(ro 3 — n*)( A + A') + (2n — 1) A']*. 


This diagonal is inclined upon the horizon at an angle a given by 

gin a = ~ *»») (A + A') + (2 n-l)A' 

5 s + [0 « 3 - n 3 ) (A + A^ + (2 n - 1 ) A 7 

The nth section of upper flange makes with the vertical an angle 7 such that cotan. 7 = 

We shall obtain the analogous quantities, relative to the lower flange and to tho diagonals shown 
by the dotted lines, by simnly changing A into A', and A' into A. 

147. The flanges should always be calculated under a full load, whatever the diagonals adopted 
may lie. The value of the strain upon tho nth section of the upper flange is 


(2 n - 1) A 

m* 8 




and that upon the nth lower section is found by the same formula modified by interchanging A and A', 
which only alters the second term under the radical. If we cut these two corres| tending 
sections according to tho radical, their action will furnish a vertical resultant projection equal to 

^ ILlt-Jill (2 n _ which is exactly in equilibrio with the stress; thus, when the load is com- 
plete throughout the length of tho bridge, the diagonals do not resist. 

Tho weight of the nth section of tho upper flange being expressed by 

(P + P')8* 


2m»(A+ A’) 


[m< 8 * + (2» - 1)*A*J 


we conclude that the total weight of this flange will be ^ 8 *-f (4 m 3 — 1)^-1, and 

A ■+• A L 3mJ 

adding the coefficient U, the two flanges together will weigh 
(p + p’) 8 *U 


5 g«£[ w+(4rf . 1) e+a|. 


148. The load still extending over tho whole bearing, tho strain upon tho vertical rods will 
l>e found by remarking that, for the equilibrium of the point I, the rod DI must destrov tho 
resultant of the strains from the (wo sections L I and E I, abutting at this point, the diagonals Wing 
inactive, os we have just scon. Wc have : 

Tension of the nth rod = (/> + />') 8 7 - 7 — 7 . . ft constant value whatever n may be. 

A + A 


In the case in which the maximum strain is always limited to this vnluc, the total weight of 

the 2m- 1 rods will bo independent of A', and will have as its expression ( p + />*)8 1 A — • 

o m 

This supposes that tho load is applied to the l>ottom of the vertical rods. If. on the contrary, 
tho flooring is on a level with the line A B, tho upper portion of each rod will have the same 
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tensile strain ms before, but tho lower portion will bear a compression (/> + J>) 8 
give different sections to the two portions, tho total weight will be expressed by 

4 m« — 1 A* + VA'* 

3m 


A' 

A + A*’ 


and if wo 


(P+P')*t ■ 


A + A' 

V being a coefficient of stiffness applied to the compressed portions, nnd which may be extended 
to the upper portions for the purpose of adding rigidity to tho bridge considered ns n whole. 

149. If the diagonals shown by the full linos alone existed, we should And the strain T upon 
the nth diagonnl ED, Fig. 17<»0, ny cutting it by a plane G H, and expressing the nullity of the 
sum of tho vortical projections of the forces applied to tho portion of the framing comprised 
between A nnd the section G H. 

But the nth section of the upper flange, cut by the line G H, is subject to a Htrain of corn- 
31 

preasion = 


1 D x sin. 7 
subject, on tho contrary, to a tensile strain = 


, M being the moment of rupture about the point D. The section C D i» 
M’ 


— , M' being the moment of rupture at the 


EG x sin. 7' 1 

point E or C. Consequently, if F = tho stress in the interval C D, we shall have 

M cotan. 7 31' cotan. y 


T sin. a 


: F — - 


ID EC 

This expression being of the form F — A 31 — A' 31', will bo a maximum when the load goes 
from D (inclusive) to the abutment B, according to the observation made in section 7. Applying 
tho gemtral rule, and replacing cotan. 7, cotan. 7', and tho lengths II), EC, of the nth and 
(n + l)th vertical rods by their values, we arrive at the maximum tensile strain upon the diagonal, 

/>'* / 

- V m 


namely, T = 


4m(A-f A') ** C( ,n * “ + (2 » — 1) A']*. The weight of this Imr ia 

{ m*V + [(m a — a*) (A + A') + (2 n - 1) A*] 5 J . 


4 m*(A + A') ‘ 

Summing this expression, in which n takes tho successive values ], 2, . . . m — 1, then doubling 
that the result may include the whole bearing, we obtain as the total weight of the 2(m — 1) 
diagonals in full lines, 

+ < I6 "‘‘ “ l 5 ™* -»** 

+ (l6m<+ 15 m*- 120 m + 119 8 (4 m* - 5rn* + 1) A A'J- 

In a simple lattice, we must multiply this weight by a coefficient of stiffness ; for the bars arc 
subject, under a partial complementary load, to compressions as great as the tensions T. 

A load extending from one abutment to any point in the flooring, causes a strain of compression 
upon nil the diagonals (full lines) in tho half-bay contiguous to this abutment, and one of tension 
upon all those of the opposite half-bay. 

150. Having still only the diagonals shown by the full linen, a partial load upon the right side 
will cause upon the nth vertical md a strain of compression, the value of which will be found by 
considering a sectiou such as G' H\ Fig. 1760, anil writing again tho equation of the vertical pro- 
jections of the forces. Into this equation will enter the stress after the point D, and the moment of 
rupture about this point, a moment upon which depend tho strains upon tho divisions El, DS, 
crossed by the section G H. Wo shall find as the maximum of the compression sought, due to 

the load //, + w ^ [(« — n) (A 4- A') -f 2 A'}, a formula which docs not apply to the middle 

4 m (A + A ) 
bar, for which n — 1. 

The effective compression which maybe produced will be only the difference between the above 
value and that of the permanent tension 

The maxima tension will exceed tho compression by the whole vnluo — ; for the 

special effect of a partial load upon the left side, complementary of the preceding, should l*e to 
annul, in the first place, the compression produced by the load on the right, and then besides this 
to raise the tension to the value which it possesses when the weights p 8 are applied to all the ver- 
tical rods. Thus this complementary load, acting above, will produce, adding the permanent 


strain, a tension 


(/> + />')« G . _(m + n-2) 

T+ir\ h+<1 —r^- 


[(m — a) (A -f A’) + 2 A'] j , according to which the 


weight of the vertical rods should be calculated, if the diagonals shown by the full lines exist ulone, 
and the load be applied hi the bottom of the rods. 

151. But if the load be placed at the height of the line A B, passing through the points of 


ertical rod will la* subject to less tension and to 
lino O r 11' cuts the rod alww* or 


junction of the flanges, the lower portion of tho i 
greater compression, for the stress will not bo the same when the lino 
below the points where the flooring is affixed. When the weights p'S are applied only to the nth 
vertical rods and to all those on the right, tho lower portion of this «th rod will lie subject to a strain 
m + n 


of compression — p' 8 - 


(m - u) (A 4- A') 4 2 4' /> 8 A' 

h + V + k + V ’ 
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152. The middle vertical liar in an exception to the preceding formula?, because a secant plane 
cannot cross it without cutting a diagonal also. But the strain upon this rod is determined by the 
condition of being in equilibria with the resultant, always vertical, of the compressions borne by 
the two sections of the upper flange. When the bridge is completely loaded, the rod supports a 
( P~¥ p ) 3 A 

maxima tension of — in its upper portion ; and below the point where it receives tho 

croas-girder, it is at the same time subject to a strain of compression of ; but tho 

A -f- A 

compression will be greater if we unload the bridge entirely, with the exception of the middle 

rod under consideration, and in this case it reaches the value — v - - + p' 3 — -rr- or 

A + A m (A •+■ A ) 


(P+P' )SA' 
A -i- A* 


(m - 1) A 

mil 4 


If, on the contrary, the lood were over the whole of the bridge. 


except upon the middle rod, the lower portion of this rod would support only 


p 3 A' 


p'(m - 1)3 A 
A + A' m(A + A') 

which may be changed into tension if tho sign becomes negative. 

153. If now we exclude the diagonals shown bv tho full linos and adopt those shown by the 
dotted onoa, it is easy to sec that we shall obtain the strains and the weights of the latter by the 
formula* found for the former in 143, by merely changing A into A' and A' into A, as if the girder 
were turned upside* down. 

As to the vertical rods, the nth one will bear, at least in its upper portion, a maxima tension 


p 8 h (wi 4" *) (*» — a) (A *f A') -f- 2 A 
A + h , + P 4 m (A -f A') 


and if the load bo applied to a certain point 


in tho height of the rod, the portion below this point may be compressed by a force equal to 

m-n + 2 (m + »)(A + /i)-2A jiiV 

p 8 — • — — ir - • -f , , which will lie produced when the rod in question 

4 m A-f-A A -f* A 

and those on the left support alone weights p' 8 . 

It is easy to see a priori that this last strain may lie deduced from the last formula of 150 bv 
simply changing A into A' and A' into A. The maxima compression of 151 is also connected with 
the maxima tension of the present section by virtue of the same symmetry. Indeed, if we turn the 
bow upside down, the lower portion of the vertical rod will become the upper, the system of 
diagonals will have changed, A and A' will have interchanged, and the signs of all the forces will 
also have changed. Tho middle rod is subject to the same considerations. 

154. The preceding formula? enable us to find easily the net cost of a simple lattice, but we 
shall stop to consider only the case in which the diagonals are doubled and form complete crosses. 

On account of the imleterminnteness of the strains in a multiple lattice, we may consider the 
resistance in either manner explained in 143 and 144 (rigid or flexible crosses). But. without 
omitting to give to the diagonals the rigidity which their theoretical section allows, by way of an 
additional precaution we shall follow the second method which consists in throwing the strains of 
compression upon the vertical rods. They will, indeed, need to be stiffened on account of their 
theoretical strains being more considerable than those of the diagonals, and the necessity which 
will nearly always exist of giving them a surplus section for the sake of the general effect of tho 
flooring. It is obvious that if we suppose the flooring placed towards the middle of the vertical 
rods, the latter must possess rigidity; thus they will lx* aide to resist compression, whether they 
be required to do so throughout their length or not. The diagonals, on the contrary, will require 
a coefficient of stiffness greater than 2; it is not tori much, therefore, to double them, reckoning Ht 
each instant only upon those which resist by tension ; and ns additional security, those subject to 
compression will not remain quite useless, for they may be stiffened. 

155. Before establishing formula? of the total* weight, we must point out exactly the strains 
which the vertical rods have to resist. 

We must remark, in the first place, that under the action of a partial load moving from one of 
the abutments to a given point, the diagonals subjected to a tensile strain, which alone are con- 
sidered ns acting, will all be inclined in the same direction, from one end of the framing to the 
other; they will be those the feet of which are inclined towards the abutment affected by the 
partial load. It follows from this that, under such a mode of loading, any vertical rod may be cut 
by a plane which does not cross any active diagonals, and its strain will be determined as if the 
lattice were a simple one. The middle bar itself will come into the general formula*, for there will 
no longer lie in this point the forced inversion of resisting diagonals which was produced in the 
simple lattices with the forms adopted. 

3A 

The upper portion of the rods will be calculated generally for a constant strain ( /?+/0 * which 

is no other tlmn the tension produced under a complete load. A partial load might produce a com- 
pression equal to 1 »>v^ C( OT — ")(^ + A') + 2 A'] — r~~ r> 150); but in order that 

4 m (A + A ) A-f-A 

this strain may exceed tho preceding. A' must become great and A small. For A = A*, the first 


formula, is sufficient so Ion' 


; as m does not exceed the limit ^ ^3 
2 


3 + 4,+ 


y/ (s 


for 


m may reach the value 5. 


3 + 4'.y + i 

P r 

For A' nul, it is sufficient if m he less 


>> 


example, for q = 0 - G0 or = “■ 
p 3 

than 6 + 8 j , , which is always the case, and even then it may happen that no compression is 
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manifested, if the permanent tension always predominates over the compressions which the load 
may produce. Usually m is less than 5 ; if it cxc*ik1ch 1 this slightly, n f**w ««f the rods would be 
subject to a strain of conipn*rfion n little greater than the tensile strain, but this small difference 
might l»e neglected on account of the surplus section which will bo given in every case. We shall 
affect the weight of the vertical rod with a coefficient V, designed to givo tho rigidity necessary to 
resist compression and to add to tho transverse stability of the structure. 

If now wo pass on to the lower portion of the rods, situate la-low the point where the load is 

applied to them, the strain of compression would be ^ **" 1 * considering only the complete 

A + A 

load. But under a partial load, this strain will reach the greater value (153) 

8 ft m-n+2 (»« -j- n) (A + A') — 2 A 

T+h' + V ® ' 4 m A + A' f 

according to which the piece should be calculated. We obtain the weight of the lower portion of 
the nth rod. by multiplying by the length and by the quantity t V; and as the formula subsists 
for the middle rod. it will be sufficient to sum, supporting a hi take the successive values 1, 2, ... m, 
then to double and subtract the value relative to n = 1, in order not to reckon the middle bar 
twice. We thus find tho value given in tho following section for the total weight of the lower 
portions of the 2m — 1 rods. 

156. Adding to the rods thus calculated the total weight of the flanges (147) oral that of the 
two systems of diagonals (149 and 153), wo shall have the total weight of the bow-girder. 


Weight of the flanges = 

Weight of the diagonals 
// 8 1 

~ 30m*(A+A') 


(/> + />')5<U 
A + A' 


2m»8* + (4 m- 1) 


A 1 -f h '- 
3 HI 




[^30irf<«-l)» , +(A*+* ,, )^16n. 4 -eOm+59- — ) + 8* V(4 m<-5 m’ + 1)J ; 


Weight of the vertical rods ' 

-f **-* v — [*(10m*+ 15m>- 20m>- 15m + 4) + A , (16m*-40m» + 20i» 1 + 10 m -6)]. 
i>0 nr (A 4- A ) 

Meon weight of the lv>w~girder a lineal metre 

= 12 m* {*+*0 {* VP + 2 < D + V) (* »* - !)(*’+ + |^?[ 1S »' (» - m* 

+ 2(A*-fA**) (16 m 5 — GO m , -j-59 w — 15) +16 m A A' (4 m 4 — 5m*+l) + m V A A' (16 m 4 
+ 15 m 3 - 20 m* - 15 m + 4) + 2 m V A"* (8 m* - 20 ir*» + 10 m* + 5m - 3)]| -f n. 

For the ease in which A = A', this formula becomes, representing tho total height by H : 
Mean weight » mfetre of bow-girder with flanges of an equal curve 


[’ 


5m*(m— 1)/* 
H ~ 


+ II (32 m* — 20 m 1 - 60m*+63m -15) + (32 m*- 25m 1 - 5 m- 2)]}+ 


or making 2 m = N : Weight a metre 

- r „ x „•> , UUL j. < u +_ v > (N’ -J) 11 , _1_ 

-(j>+/0<( 4H + 3 N , + 60N* 

[l5N»(M-2)j , ’+4H(2N»-SN«-S0N 1 +a8S-8O)+2^5(16N‘-251P-20N-16)]}+n. 

The important port played by the vertical khIb, which serve in several ways, will require a high 
value of V. 

157. Parabolic Arched Girder , divided into an even stonier of interval*. — Tho particular case in 
which A* = 0 gives : 

Weight a metre of arched girder 

<S-‘ U ^ 

or, N being even : Weight a metre 

=(P + ;0< (v + ») + ih [(IT+V)(N*-D + ^ O’ 1 - SO N>+ 59 N - 30)]} + n . 

Tlie observations in 144 apply here. No rod will he subject to compression if we have 

and even when this condition is not fulfilled, the compressions may be neglected, 
4 ci 

for thev are always much loss tlinn the tensions. The coefficient V is, therefore, rally retained 
to give "to tho rods a rigidity which may enable us to utilize them in connecting the girders ; hnt its 
value may bo considerably less than in the case in which 1 — A', of the preceding section. 
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158. The strains upon the pieces ore easily deduced from the general formula?. We have: 

m* ( p + />') 8 s 

Constant maximum strain upon the lower flange = ; 

Maximum strain upon the nth section of the upper flange = ^ ^ ^ M * ** + ( 2 n “ 0*** • 

»/ 8 . 

Maximum strain upon the nth diagonal (full lines) = - - v m* 8 s -f (in* — a’)* A*; 


Maximum strain upon the nth diagonal (dotted lines) = */m 4 8* + [«* — (n — 1)*]* A*; 

j tension + (j> + p) 8 ; 

Maximum strain upon the »th vertical rod L ompr<>a8ioI1 (if „ y) = ~ ■) <" + " " _ p j. 

I 4 in 

159. Dmr Bridges continued. — Examples — The great height which bow bridges attain renders 
the bow subject to compression liable- to distortion in the middle of the beering : but this height 
will generally enable ns to use ties on the upper part without impeding the passage of the trains. 
The lower and upper ties, with the vertical rods, will constitute a rigid frame, binding the whole 
together. If the height is very great, simple gussets will he insufficient at the comers of these 
frames, and recourse should be had to vertical St. Andrew crosses, similar to those shown in Fig. 
1770. This is the case in which it is esjiccinUy necessary to give the vertical rods an excess of 
section, to prevent their yielding nt the points to which the vertical cross-bracing is flxed. 

At the end, the decrease of height allows the suppression of the upper ties without couipromuing 
the stability. In the intermediate parts, it will be prudent to place vertical rods with broad pro- 
jecting ribs, firmly fixed to the horizontal portion of the bridge, as in the ease of girders loaded on 
the lower side. 

The rigidity of the whole is completed by the lower horizontal cron-bracing, and a cylindrical 
upper oro«-bracing extending over that portion of the bridge where the height is sufficient. In this 
way distortion, or the strain of torsion, will be better prevented or overcome than in girders loaded 
on the lower side, and it may be done at a less expense than in a straight tubular bridge, in which 
the upper tying must extend throughout the length. 

The framing, or bow-girder, should terminate at its two extremities in solid wrought-iron plates 
binding the two flanges together : great strength is here required, but it may be obtained without 
much expense, because the height is inconsiderable. 

160. Hi'jidity of the Bom. — If the form of a bow-girder with a straight lower flange, or stringer, 
be preferred, we saw (144 and 157) that it is easy, whatever the height may be. to eludo com- 
pletely the compressions upon the diagonals, and almost wholly also upon the vertical rods, which, 
besides, are always provided with considerable rigidity. It is, therefore, useless in this case to 
make the bow rigid ; perhaps it is wise to allow the flanges a certain flexibility, in order that the 
spnndrils may have to maintain the form of the bow; for if the rigidity of the latter usurped this 
duty in too marked a manner, there would result moments of rupture iu virtue of which the distri- 
bution of the pressures would be made in an unequal manner among the several sections. 

In a certain degree this will always be the ca.se, and it should be taken into account by slightly 
increasing the coefficient U. This remark applies also to straight girders which are not strictly 
articulate or jointed pieces, though calculated as such. It is advantageous to regard the two 
flanges as solid with each other, and furnishing a moment of resistance in virtue of which the 

f treasure is greater upon certain fibres than ui>on others. The croHs and the vertical bars will 
lenefit by this circumstance, and will bear Btraius a little less than those given in the calcu- 
lations. 

It is when the moving load is great with respect to the dead weight that it is especially neces- 
sary to consider the bow-girder as an articulate system. On the contrary, if We place the resistance 
to distortion in the rigidity of the bow, we are obliged to increase the permanent load by means of a 
thick layer of ballast. The bow may then be calculated by the formula) of the flexion of the curved 
pieces ; the diagonals are, however, retained, but they nre reduced to very slender rods ; the flanges, on 
t)i«* contrary, are strengthened, and their section should have a considerable height. Under these 
conditions, the principal part will l»e played by rigidity; for when several pieces act together, the 
strain will concentrate itself upon those which are best able to resist it. 

161. Comparison heturen Straight and Arched Q inters . — When the height allowed is unlimited, a 
bridge of straight girders loaded on the upjs r side will have, over bow-girdera, the advantage of 
diminishing the cube of masonry by requiring a lower bed. But if the height is limited, we Lave 
only, in making choice of a system, to compare the metallic portions. 

If the bridge had to carry only the permanent load />, uniformly distributed throughout the 
length, the comparison would l*e exceedingly simple. Indeed, an arched girder may, in this case, 
be deprived of diagonals, and by giving it the most advantageous height, its weight a lineal metre 
will be expressed by the following value, supposing / = 2m 8: 



Neglecting all coefficients, a girder of triangles, Fig. 1657, would give for the theoretical 
minimum expense (« being equal to j8), 

7 = v/ "‘ [’" + 5 (4 m ’ - 1 >] wi,h hei 8 ht = *7. ^ + 37 (4 “ n ’ 
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Or for m — 1 1 

2 

1 3 

4 

5 

9 j 

7 8 

Wehave = .... 0*866 j 

1 1 

1*094 

1*298 

1*480 

1*638 j 

1-790 

1*920 2*046 


Thu* for m = 8, the straight girder would weigh more than twice as much as the arched 
girder; but this supposes that the rise of the latter is not less than O' 43 of the bearing, whilst 
the height of the former would not exceed 0*148. 

The effect of a moving load will be to render necessary the addition of diagonals to this latter 
girder; but for the straight girder also the strains upon the bars will be greater than with a per- 
manent load. Rigidity requires another increase, but more especially ujton tho struts of the 
straight girder. The arched girder will generally have a great advantage in respect to the 
lattice, even with heights which are not the most economical ; hut in order that there may he 
nothing to lose upon the flanges, it must have a rise «/ greater than the height k l which would 
lie given to the straight girder. The weights of tho flanges will be equal in the two systems when 
we have between a and k' the following relation, the coefficient U being supposed the same iu 
*2 k (X* — 1 ) 

both systems: k = ■ — , „ ,, in the case of N odd ; or 

A (A* — 1) + 8 X* k* 

, 2*(N*-1) 

* = 3^ + 8 (N” -1)7*’ ' f N ‘ 5 eVCD- 

N has, however, but a small influence; if for the straight girder wo take «' = 0*10, we shall 
have *c'= about 0*10; for if *'= g, the rise would be 0*21 of the bearing. 

In general, with tho rise allowed in practice, we ought not to reckon upon saving in the 
flanges, but the advantage of tho arched form will be essentially in relieving the vertical portion 
(see 168). 

162. First Exam p le. — Arched Girder with Simple Rigid Diagonals, Figs. 1761 to 1765. — 
Data : / = 36 ro , p = 2000 k , p' — 3300 k , p + p‘ = 5300 k , q = 0 * 623 ; 8 = 4 m , N = 9, or m= 4, 
h = 6® *50. 

The lower flange supports, under a load, a constant strain of 130} tons. It is composed of 
three angle-irons of — - millimetres, a vertical rib of 550/10, to which the vertical bars arc 
fixed by twelve rivets of 0™*025, and two horizontal plates of 600/10 each. 

The upper flange supports strains expressed by — ^ ^ ■— V m* («» 4* 1)* 8* ■+• 4 (n — 1)* A*, 

which vary from 130} tons in the middle (»i = 1). to 155*6 tons in the extreme spetion (n = 5). 
The vertical rods have a maximum tension which varies from 30 to 21*2 tons. The first 

may, besides, be compressed by a force equal to (m — w) (»» + i» — 1) — p 8 = 2 800 k only, 

A (A tn t 1 ) 

and for the others the strain is always one of tension. The vertical rods are therefore strengthened 
only with a view to the stability of the whole flooring. The two girders, or framings, are bound 
firmly together in two places towards tho middle of the hearing by tie-beams so arranged as to 
form a rectangular figure enclosing the whole bridge. 

Tho strain upon the diagonals (139) varies from 17*2 tons for the first (middle) to 10*8 tons 
for the last (i» = 4). The first is divided into two portions to form a cross, each arm of which 
support* only 8*6 tons. The sections adopted have sufficient rigidity, regard being had to their 
strain a unit of section, which strain is very small. 

Calculation gives : 

v , /Angle-iron* and vertical ribs, with their joint-plates and solid ends 10500 k \ looruik 

* 1BU & es \ Horizontal plates with their joint-plates 8300 / loow 

Vertical roils 2130 j 

Diagonals 1800 V 4200 

Two horizontal pieces of railing and central gusset 270 J 

Total 23000 k 

Say 612 kilogrammes a lineal mfctre (of tho whole length 37**60). 

The formula of 141 becomes, with the data of the present example, and adding a special term 
for the addition to the vertical rods, 

y = 369U + 22-6V + 38-5 + 7'W« + fl. 

1 8g00 k 500 

The flanges weighing — ^ = 500 k a metre, we shall have U = = 1*35, including the 

plates at the ends. These latter having an excess of strength, the value of U may be reduced 
a little. 

50 

For the diagonals, V = goTg = 2*21. 

3 1 2 


Digitized by Google 



852 


BRIDGE. 


The vertical min weigh, according to 
the calculation, about 00 kilogrammes 
a lineal metre of girder; the theore- 
tical weight being only 8S*5, we have 
to cover 21 k *5 by means of a term 6 
requiring 0=3;'in other words, the 
excess of section given to the mis is 
equivalent to the addition of a pro- 
jecting piece weighing OK = 19* *5 a 
metre (of its own length). 

270 

fl is hero only -7^7 = 8 kilogrammes 

(say 0*013 of the total weight). 

103. If double dingonals were 
adopted, wo might leave the vertical 
rods unchanged, since they are deter- 
mined by other conditions than the 
theoretical strnin ; and the double dia- 
gonals, calculated for tension only, 
would give a weight of 58 kilogrammes 
a metre. Thus, in this example, the 
single diagonals, though V is a little 
greater than 2, give a small advan- 
tage, which is duo to the fact of their 
having been chosen short, ami exposed 
to the least strnin. The saving is, 
however, so trifling that it would have 
been quite as advantageous, and por- 
hnps more so, to adopt the cnv*. 
This will bo done in the following 
example. 

161. Second Example. — Archnl Gir- 
der of Tnuiicm-crm.tr*, Figs. 1770 to 
1787.— Data: I = Gfl m , p = 2500*, rf 
- 3000* , p 4. p § = 5500* , q = 0-545, 

8 = 6™, N = 11, or mi = 5, h = 11. 

As in the preceding example, wo 
shall adopt a moderate load, for tho 
value p' = 4000 corresponds with tho 
purely fortuitous ease of two heavily- 
laden trains crossing the bridge at tho 
same time. 

Tho lower flange bears, under a 
complete load, a constant tension of 
270 tons; the upper, 270 in the middle 
to 316*5 tons at the end : or more cor- 
rectly, this last strain will lie less, for 
towards the ends the l»ow censes to lie 
parabolic ami terminates by tangents, 
for the purpose of lengthening suffi- 
ciently the bearing upon the rollers. 
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Regarding the diagonals as resisting only by tension, so that one arm only of each cross acts 
under a given load, the strains will be : 


Short diagonals .. 

No. 1 (middle) 

2 

3 

< 

8 

I .ong diagonals .. 

Nos. 1 and 2 

3 

4 

5 

6 

Strain 

.. ! 27 -860 

1 

26*540 

23-764 

19*901 

15*690 


The sections adopted have a form possessing considerable rigidity. If they had been made to 
resist compression for the half of the load, the maximum strains would have been the half of the 
above, so that the sections adopted would give at least V = 2, which would warrant us in increas- 
ing to 50 the ratio of the length to the reduced thickness, a condition which is not far from being 
fulfilled. The spandrel* are thus susceptible of two modes of resistance; the one which will be 
produced will be an intermediate mode, in virtue of which the strains will be less than those 
provided for. 

The vertical rods bear 33 tons under a full load. They always resist by tension, except the 
first towards the middle, which may he subject to a strain of compression of 1 ‘345 ton only. Their 
sections are, however, increased to give rigidity to the rectangular figure formed by the tie-beams 
already alluded to, to which the vertical crone-bracing is fixed. 

Direct calculation gives the following results : — 


[Angle-irons with vertical ribs with their joint-plates and the end plates 27550 k j 

... | Horizontal plates with their joint-plates .. .. 37400 f 

tianges j C*u»sot» twtween the vertical rib and the horizontal plate, angle-iron on I 2050 | 

( the edge of upper flange . J J 

Vertical rods (including 330* for joint-plates and other accessories required in fixing) 
Diagonals (including 1100 k for joint-plates, tilling-plntes at the points of crossing) .. .. 

Railing 


07000* 


8100 

7250 

650 


Total 


83000* 


Say 1203 kilogramme* a metre of the total length C3 metres. 

The formula of 145 becomes in the present ease — = 754 ' 5 U -f 52 ■ 5 V +97 + fl. The 

flanges weigh = 942 kilogrammes a lineal metre of girder, which gives U = 1*25. For the 

vertical rods we have V = about 2 '25. These quantities do not include the accessories inde- 
pendent of A, the details of which are as follows : — 


Accessories forming a part of the flanges 

,, „ „ vertical ro«ls 

«, „ „ crosses 

Railing 


20 50 ) 

850 j 
C50j 


3880 k , 


which gives A = 57 kilogrammes a metre of the total length, or 0*0475 of the total weight. 

To discuss the height A, suppose that with the present data we have to adopt V = 0 ‘ 205 A (for 
a height above 5 metres), and that the value U is regarded ns nearly constant. The weight of the 
1* / 1392 \ 

girder (145) may l»o put in the form - = 7' 15 1 — + 1 "024 A -f 0*187 AM + 57 k . It becomes 

then a minimum for A = 13*"*50, which brings it down to 1115 kilogrammes, instead of 1208 kilo- 
grammes, which the same formula gives for the height adopted of 1 1 mi tres. 

165. To compare the arched girder with the bow properly so culled, having an equal height in 
the middle, let us take for example the data: l = 00*", N = 10 ,/> + // = 5500 k , q = 0-55, total 
maximum height = 10*", l* = 1*25, V = 2 for the arched girder. 

We must first ascertain what value of V will be required for the bow-girder having flanges of 
an equal curve. Now the upper portion of the vertical rods has as n constant maximum strain 
16$ tons, whilst the lower portion may be subjeet to strains of compression varying from 30 to 21 *9 
tons. The vertical rods of the arched girder will have to resist loads less than 33 tons, but in the 
present ca*e the rigidity to resist compression is necessarily in the lower j»ortion ; but it is not 
this condition even which fixes the limit, the rods must be stronger than theory requires on 
account of the duty they have to perform as mediums between the girder and the flooring. We 
shall, therefore, give them n section at least equal to that adopted for the arched girder, which 
leads to a coefficient V' equal to about 3. 

The term fl has also a more disadvantageous value in the case in which both flnnge* are 
curved, on account of tho longitudinal girder which will nlwnyB be required on a level with the 
flooring, though it is not strictly indispensable. Let us take, for example, n = 55 for the arched 
girder, and A = 120 for the girder with both flanges curved. 

Then the formula) of 156 (for A = A') and 157 (A = 0) give respectively for tho example under 
consideration .* 

Weight of the metre of bow-girder with both flanges curved = 1 137 kilogrammes. 

Weight of the metre of orchid girder with a straight lower flange =r 1092 „ 

Thus, with an equal total height, the simple arched form, which is the more: convenient, is to 
lx* preferred. Vet it is possible that the douhle curve form may become the more advantageous in 
certain eases in which it may lie regarded as warranting a greater total height, on account of the 
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triple tying on throe different level*, provided this additional tying do not consume all the saving 
effected in the girder itsnlf. 

166. The last plan. Fig. 1770, gives us U smaller and ft greater than the fln*t example. But 
we may, to make the matter more simple, bring them to about the same values: to do this we may 
include in IT the accessories forming part of the flanges, so tlmt the latter will amount to 07000 kilo- 
grammes (164); consequently, U will bo equal to 1 *29, instead of 1 *25, and ft to 0*022 of the total 
weight, instead of 0 0475. Already, in section 102. we have similarly attributed to l* the angle- 
irons upon the edge of the flanges and the plates at the ends of the eroas-girdura, although strictly 
hjM-aking these accessories do not de|>end upon the height, but rather upon the particular form of 
the flanges. 

167. Admitting generally h = 018/, U = 1*30, V = 2*50, and ft = 0*025 of the weight, wo 


may form Table X.of the quantities 


I* 


. _ , for various values of N and o, and for arched 

, . (/> + /')/* 
girders with crosses. The numbers of this Table, being multiplied by (/> + /»)/, will give the 
mean weight of the lineal metre. They have boon calculated by means of the formula* in sections 
145 and 157, which, with the data admitted, become respectively , 


(7 TTTn = 0 0030135 * "sr + [° 00185 V + 0 000032 ( N + S Kt§)] »• 

for N odd ; and 

P OOOOG . r. N-2 30(N> + 1)-S0N\ 


( P + p') P 


= o-ooaoi35 - - 00 0 - + 


[* 


00185 


+ 0*000032 


/ v 30 (N 1 + 1) — 59N\"| 

{ S ~ N* )}*’ 


for N even, ft is included in the numerical quantities, which have been multiplied by 1 *025. 
168. For girders carrying a whole line of rails, we may allow : — 



Metre*. 

Metre*. 

Metre*. 

For ( = .. 

20 

00 

80 


Kilo*. 

Kilo*. 

Kilo*. 

>> + p' = ■■ 

0900 

6700 

7300 

| And q = .. 

0*72 

0*00 

0*55 


Supposing besides, as in 92, N = 7 for bridges of 20 metres, H for those of 30 to CO metres, 9 for 
70 mitres, and 10 for HO metres, we may draw up the following Table : — 



Metres. 

MWna 

Metre*. 

Metre*. 

Metre*. 

Metre*. 

Metre*. 

/ - 

20 

30 

40 

50 

00 

70 

80 

Weight of the metre of girder carrying a whole I 
lino of rails f 

Kilo*. 

460 

Kilo*. 

680 

Kiln*. 

890 

! Kilos. 
1100 

Kilo*. 
1310 1 

Kilo*. 
1 1600 

Klim. 

1900 


Thews weights differ but little from those of girders of simple triangles (92), or of creases without 
vertical rod* (105) ; so that the advantage of the arched form is not in the girder itself, but consists 
merely in diminishing the length over which the upper tying and cross- bracing extends. Over 
other systems of gilders the advantage in weight will be more sensible; but it may happen that 
the builder asks a higher price the kilogramme for structures with curved flanges than for those 
with straight girders, la this case the price must bo taken into consideration in comparing the 
relative merits of the several ay stems. 

As the arcluxl form allows the rigidity of the vertical portion to be relegated to the rank of 
secondary questions (144 and 157), an arched girder carrying only one rail will weigh but little 
more tlwn half of the weights given above for girders loaded with a whole line. Therefore, in the 
ease of a small load, the advantage of the arched form becomes more decided. 

We will repeat once more a remark already made several times : it is that, in general, in order 
that a girder may support wholly the load of one line of rails, we must consider the case of two 
heavy trains crossing at the same time ; if, therefore, for this fortuitous case we are willing to 
raise slightly the value of It, we may reduce the weights given above. 

181. Weight of the Lineal Metre of Rail tray Bridges carryitvf 7Vo Lines of Rails.-" Case of l.imited 
Height. — When the depth between tbo level of the rails and the lower side of the girders is limited, 
the system of loading the gilders upon the lower side is resorted to, which for long spans is 
developed into the tubular system. 

A. — Three-girder Bridges hjaded on the lower side. — If the depth allowed, though limited, is yet 
sufficient to enable us to give to the crow-girders a height of 0 m *70 or 0"*80; these, added to 
the minor longitudinal girders will make up a weight of about 640 kilogrammes the lineal metre 
of flooring uuder two lines of rails, the distauce apart being included between 3 and 5 metres. In 
detail : — 

With a distance apart of 3 metres and \ Cross-girders = 375* ; minor longitudinal girders = 263 k . 

a height of 0"*70, we should have / Total = C40 k . 

And with a distance apart of 5 metres l Cross-girders — 250 k ; minor longitudinal gilders = 885 k , 
and u height of 0**80, wo should have) Total = 635*. 

For spans of 30 metres and above, a horizontal cross-bracing is added, weighing from 80 to 100 
kilogrammes the nrf'tre of flooring ; and in that caso the total of the pieces and the chief girders 
will increase to 720 or 740 kilogrammes. 
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If the height of the girders exceeds 5 metres, we shall adopt the tubular system by adding tie- 
beams at the top reckoned at 00 or 100 kilogrammes. Fig. 1710, and an upper cross-bracing 
reckoned at 70 or 90 kilogrammes. The total will be from 880 to 930, according to the span. The 
upper tie-beams increase Imt little with the span ; for if, iu a large bridge, they are increased in 
size, they may be placed farther apart. 

The outside girders carry only one rail, ami should never be subjected to a strain greater 
than 6 kilogrammes the square millimetre ; but the middle girder may supjiort a whole line 
in the ease of two trains crossing the bridge at the same time, an exceptional circumstance 
w hen the strain may without injury bo raised to 7 k *50, especially as the loads supposed (34) are 
for very heavy trains. In the ordinary case of the passage of one train, the middle girder will 
not be subject to a strain of 6 kilogrammes. In virtue of this increase of K, the weight of 

the girder, or at least the part which is a function of /, will be reduced to ^ ; or, which amounts to 

the same thing, f w ill have the value 0*00104, instead of 0*0013. If the height be not changed, 
something will vet be gained by the fact that the lightening of the girder diminishes to an equal 
amount the loud which it bears. 

Girders loaded on the lower side are badly supported if their height is great without being 
sufficient to allow an upper tying. The heights between 3"* *50 and 5 metres should, therefore, 1»«* 
avoided. For example, if the height theoretically the most favourable were 4 metres or under, it 
should be reduced to about 3 m *30; if it were aliove 4 metres, it should lie increased toS^’UO, iu 
order to adopt the tubular system. However, if the depth allowed will permit, we may sometimes 
raise the cross-girders as shown in Fig. 1718, in a two-girder bridge, and in that case we may 
without inconvenience retain the height calculated. 

182. Table XII. a gives the weights of three-girder bridges calculated according to the preceding * 

indications. An addition of — has been made to include unforeseen necessities. Multiplying the 

weight of the lineal metre of total length by 1*045, we obtain the weight ft lineal metre of 
bearing (37). given in the last column. Multiplying this last by 1*05, or immediately those 
of the preceding column by 1*0973, we obtain the weight a mitre of dear span between the 
abutments. 

In the case of multiple lattices, we suppose that the outside girders have single vertical rods 
placed upon the inside of the girder, and that they may be computed by a mean between the 
weights of 117 and 118. at least when the height does not differ too widely from that of O il /, 
which was supposed in the sections referred to. The middle girder will have double vertical rods 
and « lint lattice if there is no upper tying ; if the bridge is tubular, it will, on the contrary, have 
a rigid lattice and no vertical rods. 

In arched girders, the upper tying extends only over those portions where the height is suffi- 
cient ; so that its mean weight is less than in straight bridges. But in long sjmns this economy 
diminishes, and is compensated by the necessity of placing struts or St. Andrew crosses forming a 
vertical cross-bracing. The weights given in the Table include these circumstances. 

183. If the depth allowed lie very limited, we hIibII uot be able to give the cross-girdere the 
height supposed in 181. If, for example, we are obliged to restrict this height to 0 W *35, as shown 
in Fig. 1592, the weight of the lower cross-girders and longitudinal girders will be increased to 
IHiO kilogrammes the metre of flooring, instead of 840. We must, therefore, increase by 320 kilo- 
grammes the numbers of the fifth column of Table XII. a, by 350 those of the following, and by 
370 those of the seventh or last column. 

The limit in height may be still less, and may require more expensive arrangements, such ns 
those of Fig. 1591. In these cases we must of necessity adopt the three-girder system; for that 
of two girders, which we are about to consider, does not allow the height of the cross-girders to lie 
decreased to such an extent. 

184. B. — ISctMjirder Bridies loaded an the Imrer side. — When the cross-girders can lie of a good 
height we may reckon an a moan for their weight, joined to that of the longitudinal girders, ujion 
750 kilogrammes the mitre of flooring. In detail : — 

With a distance apart of 3 mitres and) Cross-girders = 53Q* ; minor longitudinal girders = 240 k . 

a height of 1 metre, we have .. ../ Total = 770 k . 

With a distance apart of 4 mitres andlCroea-girdcrs = 410 k ; minor longitudinal girders s 320*. 

a height of 1 mitre, we have .. Total = 730 k . Fig. 1800. 

With a distance apart of 4 metres andlCroos-giitlcrs = 425*; minor longitudinal girders = 320*. 

a height «>f 0“*80, we have .. ( Total = 745*. Fig. 1 70S. 

With a distance apart of 5 mitres and \ Cross-girders = 340* ; minor longitudinal girders = 380*. 
a height of 1 metre, we have .. / Total = 700*. 

Above 30 mitres span, a horizontal cross-bracing must lie added, estimated at GO or 80 kilogrammes. 
Total 810 to 880, according to the span. 

When the bridge becomes tabular, 170 kilogrammes must lie added for upper tie-beams, and 
70 kilogrammes for upper horizontal cross-bracing; in long snans these pieces are strengthened, 
ami, in a case of necessity, vertical cross-bracings would Ik* added : but, at the samo time, the distance 
of the cross-pieces apart may be increased. We shall reckon, for all the pieces, as well ns for the 
principal girders, 1050 to 1100 kilogrammes, according as the span varies from 40 to 80 metres. 

In arched girders the upper tying extends only over a fraction of the length, but this fraction 
increases with the span, while the vertical cross-bracing acquires at the same time more import- 
mice: therefore in long spans the secondary piece* weigh ns much ns in straight gilders. 

When there is but one train upon the bridge, the girder subjected to the greatest strain will »uj>- 
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l»rt only about of the load of a whole line, ami nnder these circumstances we may subject it to 

a stmiu of 6 kilogrammes, sine© on the exceptional hypothesis of two heavy trains being on the 
bridge at the same tunc, the maximum strain will still l*t less than 7 k *50. The weight of girders 
may, in general, be mpidlv calculated bv interpolation. For example, for a solid girder of 
20 metres span, we may reckon /* = 1800 kilogrammes (including 500 kilogrammes for the girder 

itself); ft — j of a line of mils = 3750; total, p + jt = 5550 kilogrammes. Now the Table of 


129 gives 370 kilogrammes for a girder carrying one rail, and the load of which was valued at 
3000 kilogrammes, and 570 kilogrammes as the weight of a girder carrying two rails, aud for 
which we had supposed p+j>’s 7000. Interpolation will give for the present case 


370 + 200 


5550 - 3000 ioK t „ 
70 « 0 ^ 3«00 = 485 k ‘ IOS ™ mmeS - 


Tlie height, interpolated between l m *70 and 2 m *25, would be about 2 metres. In these eases, 
in which the height thus found would have to be modified considerably to prevent its falling 
between 3**00 and 5"‘60, for reasons already stated, the weight would bo calculated directly by 
the formula*, with suitable values of U aud V. 

Table XII. a gives approximative weights for two-girder bridges constructed according to the 
hypotheses which have just been made. The multiple lattices are supposed to be with single 
vertical rads, which allows one of the systems of bars at 45° to be constructed of pieces with pro- 
jecting rilw. 

185. In the case in which it ist required to decrease to0 m *60, for example, tho height of the 
cross-girders, in consequence of the limited depth, we shall have to increase by a constant equal to 
about 300 kilogrammes the numbers of tho third column of Table XII. h. The following column, 

including an addition of will increase by 330 kilogrammes : and the weights of the lost column 
will be augmented by 345 kilogrammes. 

180. Gut of Unlimit nl Height. — When the height allowed is unlimited, we are none the less 
free to adopt one of tho preceding systems, but wo have the advantage of placing the girders 
entirely below tho level of the mils, which will give rise to other systems : these systems we are 
about to consider. They may be preferred, if they are found to be more economical, and it may 
be at once remarked that they possesa an advantage in requiring a lower bed of masonry. The 
fact of the bed being far removed from the piano of vibration may appear detrimental to the 
stability of the structure; but this may be remedied by means of vertical cross-bracing, especially 
that which is placed above the supports. 

187. C. — Four-ijinlcr Hr id yes under Bails. — According to Figs. 1612, 1614, supposing a distance 
of 3 metres between the cross-girders, wo may reckon from 260 to 345 kilogrammes a metre of 
flooring for the pieces other tlmn the princi|Mkl girders, and the horizontal cross-bracing, according 
as the height of the girders varies from 1*50 to 4 metres; say 300 to 400 kilogrammes, including 
the horizontal cross-bracing. 

The girders carry each one rail, and their weight is found ready calculated, according to their 
mode of construction, in tlie Tables of sections 92, 105, 106, 117, 118, 129, 133. 

Table XII. o gives the weight a metre of four-girder bridges for tq>an* of 20 to 50 metres, for 
this system will never be adopted for very long spans. 

188. D. — Tkrce-girder Bridges under Baits. — According to Figs. 1605 and 1618, 1619, the pieces 
other than the principal girders and the horizontal crow-bracing will weigh from 460 to 620 kilo- 
grammes, according us the height of the girders varies from 2 to 5 metres. As in the preceding 
case, tho resisting breadth of tho flooring hardly exceeding 5 metres, it is necessary to have 
recourse to horizontal cross-bracing beyond 20 mitres sjuan ; reckoning it at 40 hi 60 kilogrammes, 
we shall have a total of 500 to 680 kilogrammes for heights of 2 to 5 metres. 

Beyond 50 metres span, it is preferable to increase the distance between the outside girders by 
adopting the second arrangement. Fig. 1619: we may then reckon upon 830 + 70 = 900 kilo- 
grammes for u span of 50 metres to 1100 kilogrammes for a span of 80 metres. 

Each girder will be calculated for a perwnuent load p equal to its earn weight a metre, increased 

7 

by 700 to 900 kilogrammes. As to p\ it may be estimated at - of a rail, for an outside girder, if 

. the distance apart is 5 metres, aud at \ of a rail if the girders arc arranged os in Fig. 1619 (second 

o 

arrangement). For tho middle girder, p’ will Imj, in the aamo cases, respectively equal to - or to 

5 

of a rail, both lines being loaded simultaneously by heavy trains. For this exceptional case wo 

may raise K to 7 k *50, or reduce t to 0*00101, for then the maximum strain will always be less 
than 6 kilogrammes a square millimetre in the ordinary case of one line loaded, in which // 
would be reduced by on< -half. 

It is possible to give different heights to the middle and to the outside girders, but the advan- 
tage of this complication is too small to render it worthy of adoption. 

Table XII. D gives approximative weights for bridges constructed according to this system. 

189. E. — Tu\h/ inter Bridges under Bids. — Fig. 1615 would give 560 kilogrammes a metre, for 
the pieces other than the principal girders, including 60 kilogrammes for the horizontal cri un- 
bracing, the height of the girders being 2* , 5D. With a height of 3 metres, and taking the 
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arrangement of Fig. 1606, we may reckon 600 kilogrammes: Fig. 17-12 would give 660 kilo- 
gramme^ the height of tin* girders being 4'" ’50. 

With the first kind, in which the distance between the girders is 5 metres, we shall take from 
550 to 700 kilogrammes, according as the height varies from 2 to 5 metres. 

Beyond a Bpnn of 40 metres, it is better to widen the flooring by adopting the arrangement 
shown in Fig. 1580. We may then reckon, for the pieces other than the principal girders, from 
800 to 1000 kilogrammes, including the horizontal cross-bracing, according as the height varies 
from 4 to 0 metres. 

Each girder is cnlcnlnted for a strnin It = 6 kilogrammes a square millimetre, taking for p 
the weight of the girder itself increased by 1000 to 1200 kilogrammes, according to the span, and 
for // the load of 1*70 or 1 ‘55 of a rail, according as the distance between the girders is 5 or 6-40 
metres. These values relate to the case of only one line loaded ; but in the case of two heavy trains 
passing each other upon the bridge, It will not exceed 7 kilogrammes. 

Table XII. e gives weights for two-girder bridges, a metre, increased by — . 


In all the systems of girders loaded on the upper aide, vertical ntds will Ik 1 quite unnecessary. 

190. Comparison of the teventl Systemic — On comparing Tables XII. a, XII. b, XII. c, XII. i>, and 
XII. k, we see immediately the advantage of reducing the number of girders to two, especially in the 
case of long spans. But when the depth allowed is limited to the absolute minimum, the system 
of three girders (Table XII. a) becomes the only isxsihle one. When tho height is unlimited, the 
two-girder bridge loaded on the upper side (Table XII. r.) is preferable to the two-girder bridge 
loaded on the lower side (Table XII. b); but in long spans, this latter system will be generally 
more advantageous than those of four or of three girders (Tables XII. c and XII. i>). 

As to the mode of constructing girders considered by themselves, the solid form is the most 
expensive : then corns multiple, triangular, and cross lattice-girders, ami last, crow-lattice arched 
girders. However, in two-girder bridges loaded on the lower side (Table XII. H), the arched form 
offers hut a trifling advantage in weight over the straight form with cross-lattice, and it is besides 
more complicated in construction. Compared with a straight girder with multiple lattice, it has 
again a certain advantage : for example, for a two-girder bridge of 60 metres span, it would offer a 
total saving of about 44 tons: but if there were a difference in price, and the arched-girder bridge 
were paid for at the rate of 0'70 franc, for example, a kilogramme, whilst the straight-girder 
bridge cost 0*60 franc, tho saving would be reduced to 4000 francs. 

To make the comparisons more evident and palpable, we might represent graphically the 
weights given by the Tables. 

191 a. Observation . — In using the Tables, care must be tnkon not to lose sight of the hypotheses 
on which the calculations are baaed. Thus, there will be no ground for surprise that the bridge 
represented bv Fig. 1708 weighs 4335 kilogrammes a metre, whilst Table XII. would give a less 
weight: this apparent anomaly proe«H*ds from the fact of our having calculated that structure for 
a heavier load, on the supposition that It should never exceed 6 kilogrammes, even in the excep- 
tional case of both lines loaded simultaneously. **0 in the two-giixler tubular bridge. Fig. 1690, 
calculated for p -f- p' = 7000, the span being 56 metres, the weight of a girder reached 1300 kilo- 
grammes a metre, whilst by interpolating in Table XII. b we should compute it at 1080 kilogramme* 
only ; but this is because, according to the hypotheses of this Table, the load considered for a strain 

of 6 kilogrammes is only ^ of a line of rails, and, besides this, tho permanent load, reduced to its 


just value by taking into account the lightening of the girder, is, by 400 or 500 kilogrammes, 
smaller than the value liberally computed in section 89. And, indeed, if we multiply 1300 kilo- 

5550 

grammes by the ratio of the loads supposed, say about we obtain 1030 kilogrammes, which 


is not quite so much as the Table gives. In the same bridge, calculation had given also a slightly 
greater weight for the flooring. Wcause the cross-girders had been reduced to a height of 0*’70. 

191 fi. Bridges of 10 metres span and less arc always of solid girders, this form being simpler 
and more advantageous for an inconsiderable height. The best arrangements in these small 
structures are, in general, easily discovered, and ready-made plans exist in abundance. In the 
case of very limited depth, we may adopt the hollow form of girder, if the bearing does not exceed 
5 or 6 metres. Beyond that, the three-girder system, w ith minor longitudinal girders of the hollow 
or of the double f form, will be the best. And when the height permits, wt* may take the bridge 
of four girders, one under each rail, with very light tie-beam*. 

If the depth is unlimited, it is sufficient to reckon from 600 to 1200 kilogrammes (including 
parapet) os the weight of a flooring under two lines of rails, a mitre of bearing, necording ns 
the latter varies from 3 to 10 metres. In the case of very limited depth, these figures must 


respectively be increased to 1000 and 2000 kilogrammes, if a general notion, only, of the excuse 


is required. 

192. Weight of Root! Uridges . — When there are inclined struts, as in Figs. 1607 to 1611. and 1625, 
care must be had to take into account the increase of weight which they occasion when the height in- 
creases. For instance, in the last of these three figures, we may suppose that the weight of the pieces 
other than the princi|Mil girders is represented by 720 + 50 h, h being the height of the girders. 

For the kinds shown by FigB. 1625 and 1788, 1789. which are applicable to small hjtnns, solid 
girders from 0 70 to 1 metre high should be adopted ; the joints in the vertical rib should be far 
apart, indeed there should l*e only one in b)huis of 10 metres; the vertical stays or stiffening mda 
should consist of single angle-irons, serving to fix the cross-girders and bmekeis. For other kinds, 
it will be advantageous to employ multiple lattice- girders, or, better still, cross lattice-girders : them 
girders should in general be provided with vertical rods for the purpose of affixing the ernstt-girders 
and brackets, but often it will lie sufficient to give them a small sectional area: it was seen in 
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108 to 118, that in multiple lattice-girders »t in advantageous tonne single vertical mils, that is. roils 
upon one side only of the lattice, in order that one at h*aat of the systems of oblique bars mav havo 
projecting ribs. 

In threc-girder bridges, the middle girder is more heavily loaded than the outside ones, and, 
when nothing prevents, it will ho well to give it greater height ; this is easily done in the case of 
gird« rn loaded on the lower side; when the height is unlimited, as in Fig. li»00 for example, the 
bed-plate of the middle girder may be plared at a lower level than those of the outside girders. 
It is in the kind of bridge represented in Fig. 1620 that the difference in the load uj*»n the 
girders is especially great ; when the bridge is tubular, the upper tie-beams may be arched, and 
the middle girder raised. 


1768. 



1789. 

Road Bridge. 



Table XIII. gives some general values of weights for roads of 6, 10, and 1 1 metres broad, and 
for spans of 10 to 50 metres. 

In long spans a considerable saving mav be effected by suppressing the ballasting, which will 
diminish the liennanent load. This uiny be done without danger, because vibration is much less 
to be feared than in railway bridges, when- the moving load is driven at greater velocities, and 
the ratio q ustiallv possesses a value nenrOMHl; whilst in a road bridge where the ballast would 
have a mean thickness of O m- 20 (35), q would b»+ about 0-40. In any rase, if the ballasting is 
retained, it is evident that the orosa-bmeing will be much less important in a road bridge than in 
a railway bridge. 

103. Bridge.* of several Bags . — When a continuous girder rests uj*on several supports, and carries a 
load uniformly distributed throughout a lmy, 
but liable to vary from one bay to another, 
the locus of the moments of rapture, in any 
bay in which the load is />„ a metre, will 
always be a parabola with a vertical axis, 

having as a jrarameter - , and the position of 

P» 

which will be determined by the condition 
of passing through the summits of the ordi- 
nates which, raised upon the supports limit- 
ing the bay under consideration, will repreaent 
the moments of rupture in a line with these 
supports. Thus for the bav A B of Fig. 1790, 
the length being the load a metre p m} the moments of rupture upon the supports A and B 
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heing M. - 1 an.l ^ „ , Wr shall havf* as tho variable moment in the point M, the abaciam of which 
ia x reckoning from A, the expression 


;*• x 1 i i>, l,' \ x 

i = ~~r + l~ + 


and the stress in the same point will be the derivative 
F = -ji,x+ + h 


104. The moments of rupture tijKm the aupjiorts dejiend upon the circumstances in which the 
other bays ore plueed, nml are calculated by Clapoyron’s formula, the demonstration of which is 
found in the works of MM. Belanger and Brc-sw, and to which we call merely allude: it is the 
following relation connecting tlie moments of rupture p* - 1 . M- + u upon three consecutive 
*up|K>rts, Fig. 17SK), 

Hu - l lm + 2/4. (f„ + /„ + |) + J»7 + 1 /* + i + I (jfe /«* + p m + ! P m + l) = 0. 


Applying this relation to each group of two consecutive l>ay«, we have m — 1 equations (m 
Icing the number of bays in tho bridge) between the m — 1 moments of rapture upon the piers, 
those u|w>n the abutment* Icing mil. These ^nations may l>e immediately written under a 
numerical form w ith the given l carings and loads, and the resolution effected ; then the moments 
upon the supja*rtii Icing nil known ami represented by ordinates to a given scale, we havo only to 
apply a para 1 die model corresponding to each bay, keeping their axes vertical. We thus construct 
the g«-ometrical heus of the moments of rupture over all the bridge, not only for a particular mode 
of loading, but for all which are onjwble of poulticing a maximum strain ujton certain portions of 
the girder. For a determinate plan, two parabolic models are sufficient, one for the dead weight 
only, which is supjnsed to be constant throughout the bridge, at bust when the length of the 
lnys do not differ too much ; and the other for tho maximum total load, including the dead and 
the rolling weights. 

The several loci thus traced cut each other in certain points, and we make use only of the 
envelope, that is, of the portion* of the curves giving the maxima ordinates m absolute value. In 
calculations for bridge* of several bays, the cases in which the load would affect only jjortious of a 
bay are not considered. 

Clapeyron’s formula i* established on the hypothesis that the moment of inertia of the girder 
remains constant throughout the length. This condition ia hardly ever fulfilled, because the 
thickness of the flanges is made to vary for the purpose of economizing material. Yet we 
generally regard calculations made on the hypothesis of a constant section as applying with 
sufficient approximation tn a case in which the section varies. It is then prudent not to reduce 
too much the maximum thickness of the flanges, which, in the coinputution of weight, will amount 
to forcing a little the coefficient U. 

1U5. In the particular case of two bays each equal to l, and loaded resjicctivcly with p x and 
a metre, the moment of rupture upon the pier will be — ^ 1 "I " - /— - ■ 

In the case of three hays, /„ l 7 , the respective loads of which are />,, p t , we havo for the 
moments p x and >i, upou the first and second pier 


Mi = — 


T »*; -r Pi 'j k 


lb [', V, + /,) + I, (j I, + /,)] 




In a bridge in which the Imys are numerous, the load upon one of them has a considerable 
effect upon those which are contiguous to it, but very little upon the others. Tims we may, with 
sufficient approximation, study successively each bay l»y taking into account the two next and 
rejecting the others; the calculations will in this way be made similar to those for bridges of two 
boys, 

196. According to the remark made in section 84, the weight of the flanges of a girder is pro- 
(tfirtiimul to the mean ordinate G of the locus of the nmxiiuiun moments of rupture in absolute 
value, and the vertical portion depends generally upon the mean ordinate G' of the hieus of the 
stress. We will, therefore, give the values of G and G', applicable to bridges of several bays, and 
by the aid of which the computation of the weight of the girders may be effected without 
difficulty, ns in the case of a single bay. 

l^t us consider, in the first place, a bridge of unlimited length, consisting of an infinite 
number of equal boys. Let / be the length of each bay, p the pcrmancut load a metre, and p tho 
moving load. 

The load p will by itself produce, in a given bay, moments of rapture represented by the para- 
bola p = — — 1 - — ix + ; upou the supports (x = 0 and x = f) the moment is — j^— , it is 


pP 

mil at tho abscissa 0 ' 2 1 1 and bikes with the contrary sign the value in the middle of tho 


ltearing. This |«nml">lii is identical in form with that which we should have for a bridge of 
a single boy, but it is raised in such a manner that the segment which remains below the axis 
of the x’s is equivalent to tho sum of the two segments situate above this axi>. and having tho 
form of triangles, one side of which is currilineul. This circumstance, due to the continuity of 
the girder beyond the supports, affects only the flanges, the weight of which is diminished by it, 
but it has no influence whatever upon the vertical )K>rtion. 
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As to the load p\ if, in the first plsco, it be applied exclusively to the bay under consideration, 
A B, Fig. 1791, it will give upon tlie supports A and B moments of rupture equal to — 0 • 0528 p /*, 
k 1,31 


\ I \ 

-T X— 

1FK 


X ! 

^ — 


which we carry above the axis of the x’s, and which will determine the position of tho pamlxrin of 

the parameter - , having for equation p'= --- (/ — x) — 0*0528///*. 

P " 

If now wc apply the load not upon A B, but only upon the contiguous bay to the left of A, 
the moment upon A will retain the same value, that in a line with the support B will take the 
value -f 0*0141 ///*, and a right line joining the summits of the ordinates to the supjvuls, and 
having for equation p" = 0*000!) ///x — 0*0528 p'/*, will represent the moments of rupture pro- 
duced in the bay under consideration. If we consider again the case in which the bay A B and 
the preceding one are simultaneously loaded, to the exclusion of all the others, the moments upon 
A and B will be respectively — 0- 1050 // P and — 0 0387 ///*, and the locus of the intermediate 

moments due to // will be the parabola p M = — + 0*5600 // lx — 0*1056 p' /*. Tho maxi- 

mum moments in absolute vnlue will bo given by the portions of the curves traced in full lines 
upon the figure; that is, by p"‘ between the limits x = 0 and x — 0*12/, by p' between x = 0*12/ 
and 0*235/, and beyond as far ns the middle by p’. Upon the other half of the bay the same 
branches of the curves may be symmetrically reproduced. 

If we add the moment due to the dead weight p, ns it changes its sign at the abscissa 0 21 1 /, 
it will be in a point comprised between x = 0*211 / and x — 0*235/, values which differ but little, 
so that the resulting positive moment will begin to exceed the negative, and when p" should be 
abandoned for p‘. 

The area comprised between the axis of the x’s and the locus of the absolute maximum moments 
is equal to Z 3 (0*0100 p + 0*0200 p') for the half-bay, and dividing by ^ we obtain the reduced 

ordinate Gal* (0*032 p + 0*050 p') = 0*032 (p + //) /*(1 + 0*844 7). 

The maximum stress corresponds throughout the bay to p"\ which gives by differentiation 

F"' = = — p'x+ 0*5669///. Adding the stress due to the permanent load p, wc find the 

value of the reduced ordinate of the limiting stress to bo 

G' = /(0*25p + 0*8169 p') = 0*25 (p + p') /(I + 0-2687). 

197. In the ordinary cases in which the mean weight of tho lineal mi tre of girder may be expressed 
by formula) of the form AG + BG' + C, the values found abovo will be substitut'd for G and (»', 
and for A, B, 0, the quantities applicable to tho system of girder adopted and determined as in 
bridges of a single bay. 

But for simple approximative computations it may be more convenient to profit by the ready- 
found results which we have given for bridges of a single bay; and to do this, we must know tho 
span of a single-boy bridge the mtan weight of which per lineal metre would l>e equivalent to 
that of the bridge of several bays under consideration. 

Now, in tho case of a single bay of a span /', the mean ordinate of the limiting momenta of 

rupture is G t = — (p + p') /**, and that of the stress G’, = ^ (p + //)/' (* + ^ ?) • Thus for the 

bridge of unlimited length considered in the preceding section, we may make, supposing that the 
term C, which is always small, remains constant, 

0 032 A P(1 + 0 844?) + 0-23 11/(1 +0-2087)= A'H+ ^ B’f (l + b/)> 
or r> + 3p + ! q\ * . r -0-384 (1 + 0-844 - 3(1 + 0 208,) ® { = 0, 

an etpiation whence we may deduce the span /' of tho auxiliary bridge. 

198. Suppose the case of multiplu lattice-girders at 45 n , stiffened by special vertical rods. We 

shall have A = —-j— , and B = B' = 2 f. If we lake A = J- and 17= 1 *25, and retain these values 
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for (he auxiliary bridge, so that we have A = A’ : ami if wo take q = 0*60, a value which will be 
generally near enough, wo ahull obtain f = 0*803 /. Thus, under these conditions, the weight a 
metre of u bridge of numerous bays will be evidently the same as that of a single bay equal in 
length to 0*8 of one of the lmys of the bridge under consideration, and having girders of the some 
height. 

For example, if the bridge of unlimited length consist* of bays of 40 metres, we shall have 
f — 32 metre*. Now, by interpellating in the Tables given for the case of one Imy, we may esti- 
mate at 230b kilogrammes the weight a metre of a bridge of 32 metres, composed of two girders 
of 3*- *85 high and placed beneath the rails, if we suppose the depth allowed unlimited (Table XII. e). 
As this height of 3* 85 differs but little from that of 4 metres, supposed by the* preceding calcula- 
tion, we may admit that the weight of 2300 kilogrammes a metre of bearing is applicable to the 
unlimited bridge under consideration. 

199. In a bridgo of two bays each equal to /, if we go from one abutment taken a a the begin- 
ning of the x's, the maximum moment in absolute value will be first given by the hypothesis 
that the bay under consideration bear* alone the full load p + 1/ a metre, whilst the second is 
reduced to the permanent load p. This moment is then expressed by the equation 

M = j^j WP + 1p')>*- \ (.P +P')**. 

From x = ~ /, wc must, on the contrary, load only the second bay, and we have the equation 

1 17 

M = ( — 6 /> + //) / x + - /» x*. And from x=-/tox = /we have, both bays being loaded, 

p — ~ (p + //) (4 x — 3 /) x. Squaring the area of the locus of the limiting moments and dividing 
the result by /, we obtain the reduced ordinate of the moments. 


G s P (0*0495 p + 0*070*2//) = 0*0495 (jd + p')P (l + 0*418. q). 

For the stress, the reduced ordinate will be 

G' = / (0*2656/> + 0*2910//) = 0*2656 (/> + //)/( 1 + 0*096. 7). 

With the hypotheses of the preceding section, we should find ns the bearing of the auxiliary 
bridge of the same weight a metre f = 0*883/, a value which should be increased to 0*90/ for 
example, because in a bridge of two bays we should increase G' if, instead of confining ourselves 
to hypotheses of complete loads for each bay, wo considered besides loads extending over any 
portion of the girder. This consideration loses its importance os the number of the bays increases, 
because thou the several hypothetical loads becoming more numerous offer more varied circum- 
stances. In certain cases two independent bays of bow-girders may be more advantageous than 
two continuous buys of straight giruers. 

200. In a bridge of three equal boys, if / is the length of bay, half the length of the bridge 

3 

will bo L = — /, and we shall have 

G = L* (0 0201 /> + 0* 0319//)=0 *0201 (/> + //) L’(l + 0*589. 7)=0*452 (p + //)l* (1+0*589. 7) ; 
and G' = 01711 (/> + //)L(l +0*188.7)= 0*2567 (p + p') f(I + 0*188.?). 

With the same data as for the preceding cases, we find f = 0*881 

5 

201. In a bridgo of three bays, if wo suppose the middle one equal to — of one of the end ones, 

a small saving will be effected over the arrangement of three onual bays, for, L still denoting half 
the length of the bridge (= 1*625 times an end bay), we shall nave 

G = L S (0*0188 p + 0*0308 //) and G' = 0*1749 (/> + //) L (1 +0*180. 7). 

202. For a bridge of four equal bays, / being the length of one hay, we shall have 

G = P (0*0415 p + 0*0693 //) = 0 0415 (/> + p’)P (1 + 0*67.7); 
and G' = / (0*256 p + 0*31 //) = 0*256 (p + //) /(I + 0*22.7). 


With the data already adopted (198) for raultiplo lattice-girders, we should have here 
r = 0 *865 

263 a. For briJ"C-» of more than four bays, the weight a metro will bo the same as for a 
bridgo of a single bay having a boaring between the values of f calculated for the case of four 
bays, and for that of an unlimited number of bays. For example, for five bays, with the same 
hypotheses os before, we might take /' = 0*85 /. 

203 ft. In computation., which are required to be ns exact os possible, the weight of the 
girders should be calculated directly by formula in which G and 6' have the values given above 
according to the number of hays. Ir. general, girders resting upon several supports will be either 
of multiple lattice or of crosses or cross-lattice. In the former case, we shall have as the mean 
weight of the metre of girder without vertical rods, 

~ = ^jpG + (l + V)«G'+ i(p +/>*)«*+ — + n. 


If there are vertical rod.** placed at a distance 8 from each other, a term 


15 A* 


must be added, 


supposing the sections of Fig. 1728 to be adopted. 

For a girder of crosses or cross- lattice, without vertical rods, we shall have the following 
approximative formula, more general than those of sections 97 and 99 : 
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21 tt ,, 1 ,, 

~r u + 2 (l 


+ ') (^ + ■ S ^)|Q'+ |(i + V)(p + /)/A + n, 


N denotiug the number of crosses in a bay I. If there are verticol rods, they must l>e taken into 
r N A 

account by a term — j— as iu section 100, r being the weight of the roil a metre. 


The continuity of the girders from one bay to another having tho effect of lightening the 
flanges, whilst it tends to increase slightly the vertical jKirtion, a less height should be adopted 
than in bridges of a single hay. in general tho ratio of the height of the girders to the length of 

a bay will not exceed — . 

Figs. 1792 to 1801 arc of tbo prineiftal details of tho Chelsea Suspension Hridgo, Fig, 1571. 
The abutments of this bridge consist of a mnss of briekw'ork and concrete, measuring at tho 
base 1 12 ft. in length by 56 ft. broad, and at the top 100 ft. by 40 ft., and 40 ft. deep. 

Tho face of the abutment adjoining tho river is composed of cast-iron piles and plates, some- 
what similar to those of the pier, with the exception that the ironwork is not brought above 
the level of low water. 



1793, 


The portion of the abutment on which the 
land snddles and cradles bear, for changing 
the direction of the chains, rests upon tim- 
ber piles, 14 in. square, driven dftep into the 
bed of the river, and are from 3 ft. 2 in. 
to 4 ft. from centre to centre : these piles are 
cut off at the level of low water, 16 ft. below 
Trinity high-water mark, and the spaces l>e- 
tween tilled up with hydraulic concrete ; the 
east-iron and timber piles are tied together 
with wrought-iron ties 3 in. X f in. On the 
ton is bedued a series of landings forming a 
table at the level of low water 53 ft. 6 in. 
X 27 ft. x 6 in., upon which a mass of brick- 
work is erected, up to a mean level of 3 ft. 
below the level of the roadway ; u|ion thin, 
12 in. landings are 1 Kidded for the reception 
of tho cradles which carry the saddles on 
rollers : the cradles are bedded in asphalted 
felt, and firmly secured by wrought-iron 
holding-down holts, brought up through tho 
masonry from below. An invert, springing 
from beneath each saddle, is built in tho 
brickwork below, so as to distribute equally 
the pressure from the cradles over the whole 
area of the foundation. 

The mooring chains are carried down 
tunnels to the moorings, the tunnels forming 
an angle of 155° with a horizontal line. The 
clmins are secured to massive cast-iron moor- 
ing plates, resting against three courses of 
12 in. landings, respectively 12 ft. x 8 ft. 
9 in., 16 ft. x 12 rt. 6 in., and 20 ft. x 16 ft. 
3 in. The tunnels are contracted at the 
bottom by elliptical brick domes, thus afford- 



1794. 



Digitized by Google 



864 


BRIDGE. 


ing a complete bearing ,8W) - 

for that portion of the 
landing)* at the end 
of the tunnel. These 
landings rest Against 
a muss of brick work, 
with inverts, to distri- 
bute the pressure over 
the whole area of the 
abutment. 

This mass of brick- 
work rests on a series 
of timber piles, driven 
at an angle of 65° 
with a horizontal line; 
the tops of the piles 
coming up above the 
level of the concrete, 
and having a good 
bond with the brick- 
work, by which means 
the tendency to slide 
is greatly diminished, 
the whole spaces be- 
tween the masses of 
brickwork being filled 
up solid with concrete. 

The Tier Foundations, 

Figs. 1792. 1793.— The 
construction of the 
foundations of the piers 
combines all the advan- 
tages of foundations on 
bearing-piles, made by 
menus of cofferdams, 
without the expense 
and obstruction to the 
waterway which they 
involve, and which 
would have rendered 
their use at Westmin- 
ster Bridge all but im- 
practicable. 

The foundations of the piers consist of timber bearing-piles 1-4 in. square, driven deep into the 
bed of the river at intervals of 3 ft. over the whole area of the pier, varying in donth from 40 ft. 6 in. 
to 25 ft. below the level of low wafer, according to the resistance offered by the bed of the river. 

The face or external surface of the piers consists of a cast-iron casing of piles and plates 
driven alternately ; the main piles are 12 in. in diameter and 27 ft. long, with longitudinal groove* 
on each side for the reception of the plates. These piles are driven to a uniform depth of 25 ft. 
below the level of low water, and between them are driven cast-iron plates or sheeting 7 ft. 2 in. 
wide, so that the pier is entirely cased from the foundations to the top, which is 7 ft. in. above 
Trinity datum. The space enclosed by this casing is then dredged to the lmnl gravel above the 
clay, and filled in solid with concrete up hi the level of the top of the timber piles. On this 
foundation a flooring of stone landings is bedded, and on this the cast-iron plates, frames, Ac., 
forming the base of the towers, nre placed. 

The portion of the caisson situated above low water is hollow, Dung so formed to avoid 
throwing useless weight on the foundation, and is merely lined with brickwork, strengthened by 
cross-walls and iron tie*. 

The whole of the ironwork below the water was covered when hot with a protecting coating of 
tar. The thickness of metal in the caisson is 1 in. 

The towers. Figs. 1800. 1801, which support the chains are entirely independent of the orna- 
mental cast-iron easing surrounding them, and consist of a oast-iron columnar framing strongly 
braced Itoth horizontally and vertically, carried to a height of 57 ft. above high water. 

The columns art? cast in pairs and have a diameter of 10 in., and thickness of metal of 1 in. 
They are arranged in dusters of fours, and the whole are connected with six horizontal frames, 
occurring at interval*. The columns are not vertical, but incline towards each other upwards 
from either side of the pier, the columnar framing lieing 13 ft. 0 in. at the ltase, and 0 ft. 9 in. at 
the top. In the direction of the piers the columns are 4 ft. 3 in. ajwirt, and rise parallel to each 
other. There 'are two towers on each pier, 32 ft. from centre to centre. The pressure from the 
chains coming directly from their centre, each tower carries therefore one-fourth of the whole 
weight of the bridge, or about 375 tons, or about 670 tons when the bridge is completely loaded; 
the sectional area of the columns is 284 aq. in., and there is, therefore, a pressure upon them, 
when the bridge is loaded, of 2 '36 tons per sq. in. of section. The weight of the towers, exclusive 
of the ornamental cast-iron casing, is 350 tons. 

On the towers are fixed massive cast-iron cradles upon which the saddles rest. 
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Height. 

Vertical 

Mb. 

Four Angle- 
irons of 

Two 

Flanges of 

Moment 

of 

ance for 
It a 
6000000 . 

Weight 
the 
Un.«] 
M tire. 

0*200 

mill. 

200/6 

200/6 

mill. 

60/60/9 

mllL 

1890 

kilos. 

40 


70/70/10 


2320 

50 


*200/10 

70/70/10 


2178 



200/8 

80/80/10 


2630 

60 


200/8 

80/80/11 


2820 

64 


200/10 

110/70/10 


3146 

69 


200/10 

110/70/11 


3593 



180/6 

70/70/10 

160/10 

3528 

74 


180/10 

70/70/10 

200/10 

2:10/10 

4078 

80 


180/10 

1 10/70/1 1 

5288 

108 

•• 

160/10 

100/70/10 

250/20 

6710 

135 

0*220 

200/8 

60/60/10 

150/10 

8763 

70 


160/12 

110/70/11 

300/30 

10333 

210 

0*250 

250/6 

00/60/10 


2830 

46 1 


250/6 

70/70/10 


3175 

52 1 


250/6 

80/80/10 


3500 

59 1 


250/10 

110/70/11 


4870 

78 


230/8 

70/70/10 

206/10 

5455 

36 


230/10 

80/80/10 

200/10 

5826 

06 


210/10 

70/70/10 

150/20 

6055 

104 


230/10 

70/70/10 

200/30 

8754 

149 


250/10 

140/70/16 

7677 

116 


210/10 

110/70/11 

300/20 

10864 

168 


190/10 

110/70/a 

300/30 

13063 

213 

0*300 

300/6 

70/70/7 


3126 

43 

• » 

300/6 

60/60/9 


3365 

45 


300/6 

60/60/10 


3630 

48 


300/6 

70/70/10 


4036 

55 


300/6 

80/80/10 


4513 

61 

* • 

300/6 

110/70/11 


5860 

72 


300/6 

100/100/12 


6125 

85 


280/10 

70/70/10 

150/10 

6232 

86 


280/10 

70/70/10 

250/10 

7970 

102 

• • 

280/10 

80/80/10 

250/10 

8328 

108 

*• 

280/10 

80/80/10 

300/10 

9170 

115 

.. 

260/10 

80/80/10 

200/20 

9724 

130 


280/10 

100/100/12 

300/10 

10530 

140 


260/10 

80/80/10 

250/20 

1 1295 

145 

*• 

240/10 

70/70/10 

200/30 

11370 

153 


260/10 

80/80/10 

300/20 

12866 

161 


260/10 

100/100/12 

300/20 

14000 

185 


240/10 

80/80/10 

300/30 

16006 

206 

0*330 

330/8 

90/90/11 


6258 

79 

0*350 

350/6 

50/50/7 


3240 

36 


350/6 

60/60/10 


4470 

51 

•* 

350/6 

350/6 

70/70/8 


4261 

50 

• » 

70/70/10 


50144 

57 


350/6 

80/80/10 


5568 

63 


350/6 

110/70/10 


6618 

70 

• • 

330/10 

70/70/10 

150/10 

7764 

90 


350/10 

100/100/12 


8071 

98 


330/10 

70/70/10 

200/10 

8760 

98 


330/10 

80/80/10 

200/10 

92*22 

104 


330/10 

80/80/10 

300/10 

11205 

119 


320/6 

70/70/10 

250/15 

11298 

114 


310/8 

70/70/10 

250/20 

300/10 

12743 

138 


330/10 

100/100/12 

12950 

143 


310/10 

80/80/10 

250/20 

13867 

149 


310/8 

100/100/12 

250/20 

15365 

168 


310/8 

70/70/10 

300/20 

15716 

154 


310/8 

100/100/12 

800/20 

17234 

183 


310/8 

100/100/12 

350/20 

19103 

199 


200/10 

80/80/10 

300/30 

19092 

210 


Height. 

Vertical 

Uib. 

Four Angle- 
irons of 

Two 

Flanges of 

Mommt 

of 

ance for 
Rs 

MNNU, 

Weight 

the 

Lineal 

Metre. 

m 

mill. 

mill. 

mill. 


kil< •«. 

0*350 

290/10 

100/100/12 

300/30 

20904 

234 

0*400 

400/6 

70/70/10 


6020 

59 


400/6 

80/80/10 


0003 

66 


400/8 

1 10/70/10 


8105 

78 


400/10 

100/100/12 

„ 

9730 

102 

« t 

400/10 

100/65/14 


10085 

97 

• » 

380/10 

70/70/10 

200/10 

10453 

10*2 

• * 

380/10 

80/80/10 

200/10 

11022 

107 


380/10 

70/70/10 

250/10 

11594 

109 


380/10 

80/80/10 

800/10 

13305 

123 


380/10 

100/100/12 

2541/10 

14311 

139 


380/10 

100/100/12 

300/10 

15452 

147 


300/10 

80/80/10 

250/20 

16612 

153 


360/10 

100/100/12 

250/20 

18898 

177 


360/10 

80/80/10 

300/20 

18660 

169 


340/10 

80/80/10 

250/30 

20378 

190 


360/10 

100/100/12 

300/20 

20566 

192 

. . 340/10 

100/100/12 

250/30 

22021 

214 

» ( 

360/10 

100/100/12 

350/20 

22734 

208 

M 

340/10 

80/80/10 

300/30 

23400 

214 

• » 

340/10 

100/100/12 

300/30 

25108 

237 

*• 

340/10 

100/100/12 

350/30 

28195 

261 

0*450 

450/6 

70/70/10 


7039 

6*2 


450/6 

80/80/10 


7796 

68 


450/10 

80/80/10 


8605 

82 


4.50/10 

110/70/10 


9125 

88 


450/10 

100/100/12 


11455 

106 


430/10 

70/70/10 

200/10 

12198 

105 


430/10 

80/80/10 

200/10 

12882 

112 


430/10 

80/80/10 

300/10 

154 64 

127 


4:10/10 

100/100/12 

250/10 

16734 

143 


430/10 

100/100/12 

350/10 

19316 

159 


390/10 

70/70/10 

200/30 

19704 

175 


390/10 

- 80/80/10 

250/30 

23778 

194 


390/10 

80/80/10 

300/30 

27312 

218 


390/10 

100/100/15 

350/30 

34338 

281 

0*480 

480/8 

80/80/10 


8952 

77 

0*500 

500/6 

70/70/8 


6889 

57 


500/6 

70/70/10 


8088 

64 


500/8 

70/70/10 


8592 

72 


500/10 

80/80/10 

.. 

9962 

86 


500/10 

110/70/10 

.. 

11397 

92 


500/10 

100/100/12 


13240 

110 


480/10 

70/70/10 

200/10 

14004 

109 


480/10 

80/80/10 

200/10 

14890 

115 


480/8 

80/80/10 

250/10 

15798 

116 


480/8 

80/80/10 

300/10 

17681 

131 


480/8 

100/100/12 

250/10 

19222 

140 

* « 

480/8 

100/100/12 

300/10 

20663 

147 

» * 

460/10 

80/80/10 

250/20 

21990 

161 

♦ » 

480/8 

100/100/12 

350/10 

22104 

155 


440/10 

70/70/10 

200/30 

22620 

168 


460/10 

100/100/12 

250/20 

24695 

185 


460/10 

80/80/10 

300/20 

24761 

176 

? * 

440/10 

80/80/10 

250/30 

27248 

198 

» • 

460/10 

100/100/12 

300/20 

27401 

200 

* • 

460/10 

100/100/12 

350/20 

30228 

216 


440/10 

80/80/10 

300/80 

31229 

22*2 


440/10 

100/100/12 

300/30 

83662 

245 


420/10 

100/100/12 

250/40 

34203 

259 


440/10 

100/100/12 

350/30 

37644 

268 


440/10 

100/100/15 

350/30 

39372 

285 


440/10 

100/100/15 

400/30 

43368 

308 
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Tabu: II. — Double- flanged Wboiciit-ibon Gibdebs with Axgle-ihon — amUmua. 

i i i i ii I i i i 


Height. 

Vertical 

Rib. 

Four Angle- 
iron* of 

Two 

Flange* of 

M nvent 
of Iteakt- 
alK* for 

R = 

oeooooo. 

Weight 

the 

Lineal : 

Metre, j 

0*500 

mill. 

420/10 

mill. 

100/100/12 

mill. 

350/40 

44385 

kilim, i 

322 

0-550 

550/6 

70/70/10 


9174 

66 


550/8 

80/80/10 


10764 

81 

* • 

530/10 

70/70/10 

200/10 

15858 

113 1 


400/10 

70/70/10 

200/80 

25590 

172 


530/10 

80/80/10 

250/10 

18360 

127 

* • 

490/10 

80/80/10 

250/30 

30774 

202 

• ♦ 

400/10 

80/80/10 

300/30 

35202 

225 


530/10 

100/100/15 

350/10 

27378 

183 


400/10 

100/100/15 

400/30 

48936 

312 

0-000 

C00/6 

70/70/10 


10296 

69 


000/6 

80/80/10 


11393 

75 


600/6 

90/90/10 


12460 

81 


600/10 

80/80/10 


12834 

94 I 


600/10 

100/100/12 

•• 

16983 

117 i 


580/6 

580/10 

80/80/10 

70/70/10 

200/10 

200/10 

17497 

105 ! 


17778 

117 


580/10 

80/80/10 

250/10 

20588 

131 


580/10 

80/80/10 

300/10 

22279 

189 


580/10 

100/100/12 

250/10 

24380 

155 


580/10 

100/100/12 

350/10 

27861 

170 


540/10 

70/70/10 

200/30 

28620 

176 


580/10 

100/100/15 

350/10 

30588 

187 


540/10 

80/80/10 

250/30 

34368 

206 


540/10 

80/80/10 

800/30 

39246 

229 


540/10 

100/100/15 

350/30 

49704 

293 


540/10 

100/100/15 

400/30 

54582 

816 

0 650 

650/8 

70/70/10 

• • 

12282 

81 


650/6 

80/80/10 


12659 

78 


650/10 

80/80/10 


14348 

98 


650/10 

100/100/12 


18937 

121 


630/10 

70/70/10 

200/10 

19710 

121 


630/10 

80/80/10 

250/10 

22764 

135 


630/10 

80/80/10 

300/10 

21654 

143 


590/10 

70/70/10 

200/30 

31701 

180 


630/10 

100/100/15 

850/10 

38858 

190 


590/10 

80/80/10 

300/30 

48838 

233 


590/10 

100/100/15 

400/30 

60294 

320 | 

0-700 

700/8 

70/70/10 


13584 

84 


700/8 

80/80/10 


14934 

90 | 


680/10 

70/70/10 

200/10 

21756 

125 1 


700/10 

100/100/12 

■■ 

21924 

125 

• * 

680/10 

80/80/10 

250/10 

25044 

139 

• • 

680/10 

80/80/10 

300/10 

27084 

147 

• » 

680/10 

640/10 

100/100/15 

400/10 

39216 

202 


80/80/10 

800/30 

47478 

237 


610/10 

100/100/15 

400/30 

66072 

324 

0-750 

750/8 

70/70/10 

.. 

14952 

88 


750/8 

80/80/10 

• • 

16404 

94 

• • 

780/10 

70/70/10 

200/10 

23820 

129 1 


730/10 

80/80/10 

250/10 

27878 

143 j 

• » 

730/10 

80/80/10 

300/10 

29568 

150 1 


090/10 

70/70/10 

200/30 

38040 

188 i 

*• 

730/10 

100/100/15 

400/10 

42744 

206 | 

* * 

690/10 

80/80/10 

250/30 

45468 

218 J 

* • 

690/10 

80/80/10 

300/30 

51690 

241 ! 


690/10 

100/100/15 

400/30 

71904 

328 

0*800 

800/8 

70/70/10 


16850 

91 1 

»» 

800/8 

80/80/10 


17922 

97 


800/10 

100/100/12 


25116 

133 


780/10 

70/70/10 

200/10 

25938 

133 


780/10 

80/80/10 

250/10 

29766 

147 


780/10 

80/80/10 

.300/10 

32106 

154 


Light. 

Vertical 

Rib. 

Four Angle- 
iron* of 

Two 

Fliuigro of 

Moment 
ol React- 
ance for 
K- 
600WIH). 

Weight 

the 

l.irmal 

.Metre. 

1*800 

mill. 

740/10 

mill 

70/70/10 

mill. 

200/30 

41286 

ktlna. 

192 


780/10 

100/100/15 

400/10 

46326 

210 


7*0/10 

80/80/10 

250/30 

49278 

226 


740/10 

80/80/10 

300/30 

55956 

245 


740/10 

100/100/15 

100/30 

77796 

332 

>•850 

850/8 

70/70/10 


17784 

94 


850/8 

80/80/10 


19170 

100 


830/10 

70/70/10 

200/10 

28101 

137 


8:hi/10 

80/80/10 

250/10 

33000 

151 

• • 

880/10 

80/80/10 

300/10 

34692 

158 

t • 

830/10 

100/100/15 

400/10 

49962 

214 

• * 

790/10 

80/80/10 

250/30 

53142 

225 


790/1° 

100/100/15 

400/30 

83742 

335 

>•900 

900/8 

70/70/10 


19260 

97 


900/8 

80/80/10 

.. 

21066 

103 


880/10 

70/70/10 

200/10 

30324 

no 


880/10 

80/80/10 

250/10 

34686 

151 


880/10 

80/80/10 

70/70/10 

300/10 

37326 

162 


840/10 

200/30 

47934 

200 


8, SO, 10 

100/1(10/15 

400/10 

53646 

218 


840/10 

100/100/15 

400/30 

89748 

340 

>*950 

950/8 

70/70/10 

„ 

20778 

100 


950/8 

80/sO/lO 


22704 

106 


930/10 

70/70/10 

200/10 

32592 

144 


890/10 

70/70/10 

100/100/15 

200/30 

51330 

204 


9:40/10 

400/10 

57390 

222 


890/10 

100/100/15 

400/30 

95808 

343 

•ooo 

1000/8 

70/70/10 


22338 

103 


1000/8 

80/80/10 


26382 

125 

• • 

1000/7 

100/100/12 


31082 

125 

.. 

980/10 

70/70/10 

200/10 

84914 

148 


980/10 

80/80/10 

250/10 

39810 

162 


980/10 

80/80/10 

70/70/10 

300/10 

42750 

170 


940/10 

200/:w> 

54786 

208 


940/10 

100/100/15 

400/30 

101922 

347 

•100 

1080/10 

80/80/10 

300/10 

48384 

178 

» • 

1080/10 

100/100/15 

350/10 

65676 

226 

#t 

1040/10 

100/100/15 

400/80 

114312 

355 

•200 

1200/10 

100/100/12 


43854 

164 


1180/10 

100/100/12 

300/10 

64860 

210 


1180/10 

100/100/15 

400/10 

76866 

241 


1140/10 

100/100/15 

400/30 

126906 

363 

•250 

1230/10 

80/80/10 

300/10 

57204 

190 


1230/10 

100/100/15 

350/10 

77220 

237 


1230/10 

100/100/15 

400/10 

80910 

245 


1190/10 

100/100/15 

400/30 

133284 

367 

•300 

1800/10 

100/100/12 


49059 

172 


1280/10 

100/100/12 

100/100/15 

300/10 

72460 

219 


1280/10 

350/10 

81 168 

241 


1280/10 

100/100/15 

4(K>/10 

85(108 

249 

.. 

1180/10 

100/100/12 

300/60 

189460 

452 

■400 

1380/10 

100/100/12 

300/10 

79660 

220 


1880/10 

80/80/10 

300/10 

66180 

201 


1880/10 

100/100/15 

350/10 

89220 

249 


1380/10 

100/100/15 

400/10 

93360 

257 


1280/10 

100/100/12 

300/G0 

205660 

460 

•500 

1500/10 

100/100/12 


60100 

187 


1430/10 

100/100/12 

300/10 

871(H) 

242 


1480/10 

100/100/12 

400/10 

96100 

250 


1480/10 

100/100/15 

400/10 

101916 

264 

:: 

1380/10 

100/100/12 

400/60 

276100 

167 
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Table III. (14).— Moment ok Resistance ok Font Angle-ikons (Two to each Flange) for 

n s ooooooo . 


Height. 

Angle-iron of 

Angle-Iron of 

Height. 

Angle-Iron of 

Angle-iron of 

(A 00 

5703 

8131 

m 

0*900 

15662 

23007 

0-410 

5757 

8389 

0*970 

15841 

23276 

0 120 

6053 

8649 

0-980 

16020 

23544 

0*430 

6229 

8909 

0*990 

10200 

23813 

0-440 

6405 

9169 

1-000 

16380 

24082 

0*450 

6580 

9430 

1010 

16559 

24350 

0-400 

6756 

9692 

1*020 

16738 

24620 

0-470 

6933 

9953 

1*030 

16917 

21888 

0*480 

7109 

10*216 

1*040 

17096 

25157 

0-400 

7285 

10479 

1*050 

17275 

25426 

0-500 

7462 

10741 

1*060 

17454 

25695 

0*510 

7639 

11004 

1*070 

17633 

25965 

0*520 

7816 

11267 

1080 

17813 

26234 

0*580 

7993 

11531 

1*090 

17992 

26503 

0-540 

8170 

11795 

1100 

18171 

28772 

0*550 

8347 

12059 

l-iio 

18351 

27041 

0-500 

8524 

12323 

1*120 

18530 

27310 

0*570 

8702 

12588 

1*130 

18710 

27579 

0-580 

8879 

12853 

1*140 

18889 

27848 

0-590 

9057 

13118 

1*150 

19068 

28117 

0*600 

9235 

13383 

1*160 

19247 

28386 

0*610 

9412 

13648 

1-170 

19427 

28655 

0-020 

9590 

13914 

1-180 

19606 

28925 

0*080 

9768 

14180 

1*190 

19785 

29195 

0*640 

9946 

14146 

1*200 

19965 

29464 

0*650 

10121 

14712 

1-210 

20144 

29733 

0 060 

10302 

14978 

1*220 

20324 

30003 

0*670 

10180 

15244 

1*280 

20503 

30272 

0 * 684 ) 

10658 

15510 

1*240 

20683 

30542 

0*600 

10836 

13777 

1*250 

20862 

80811 

0*700 

11014 

16044 

1*260 

21041 

31081 

0*710 

11192 

lean 

1-270 

21220 

81850 

0*720 

11370 

16578 

1*280 

21400 

81620 

0-730 

11549 

16845 

1*290 

21580 

31889 

0*740 

11727 

17112 

1*300 

21760 

32159 

0-750 

1 1906 

17379 

1*310 

.. 

32428 

0*760 

12085 

17646 

1*320 


32698 

0-770 

12264 

17914 

1-330 


32968 

0*780 

12443 

18182 

1*340 

.. 

88287 

0*790 

12622 

18150 

1*350 

•• 

33507 

0-800 

12800 

18717 

1*360 


33776 

0-810 

12573 

18983 

1-370 

.. 

31046 

0-820 

13157 

19253 

1-380 


34315 

0-830 

13336 

19520 

1*890 


34585 

0-840 

13515 

19788 

1*400 

.. 

31855 

0*850 

13694 

20056 

1*410 

.. 

35125 

0-860 

13873 

20324 

1*420 


35395 

0-870 

14052 

20592 

1*430 

.. 

35665 

0*880 

14230 

20860 

1*440 

.. 

35935 

0-800 

14409 

21128 

1-450 


36205 

0*900 

14588 

21397 

1*460 


36475 

0*010 

14767 

21665 

1-470 


86745 

0-920 

14946 

21933 

1*480 


37015 

0 - U 30 

15125 

22202 

1-490 

.. 

37285 

0-940 

0*950 

15304 

15433 

22470 

22738 

1-500 


37555 
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Table IV. (20).— Table oe Sections fob 


1 ».AOO 1 Vertical rib.. .. 
(if = 2786) | £ n 8 ,0 ' irolla • • 

A = <l«n *200. ' A = 0 m • 250. 

h s On* ' 300. ' A =: O*" - 250. 

200/10 

80/80/10 

57* 

250/8 

70/70/8 

45 


:: 

■■ 

1 = 1—750 
(M = 3255) 

Vertical rib.. 
Angle-irons . . 

200/12 

110/70/10 

66 

280/8 

70/70/10 

52 


.. 

•• 

i 

t - 2* * 000 
(M = 3750) 

Vertical rib.. 
Angle-iron* . . 

p 

200/10 

110/70/11 

70 

280/10 

80/80/10 

62 

300/7 

70/70/8 

40 

;; 

| Vertical rib.. 

/ = 2—250 I Angle- iron*.. 

(M = 4255) | Flange* .. . . 

180/10 

60/60/10 

230/10 

79 

250/8 

110/70/10 

65 

300/8 

70/70/10 

57 

.. 

/ = 2* -500 
(M = 4930) 

Vertical rib.. 
Angle-irons.. 
Flange* 

p 

176/10 

60/60/10 

250/12 

90 

250/12 

110/70/11 

78 

800/10 

30/30/10 

66 

850/6 

70/70/10 

54 

i Vertical rib.. 

/ = 2 m • 750 1 Angle-irons . . 

(M = 5825) ] Flange* .. .. 

( i’ 

;; 

230/10 

80/80/10 

200/10 

90 

300/6 

110/70/11 

6S 

350/8 

80/80/10 

66 

1 = 3® ‘000 
(M = C735) 

Vertical rib . . 
Angle-irons.. 
Flange* 

.. 

226/8 

70/70/10 

250/12 

97 

280/7 

70/70/10 

200/10 

82 

350/8 

110/70/10 

70 

l = 3® *250 
(M = 7670) 

Vertical rib.. 
Angle-irons.. 

Klan K'"{indphiL, 
P 

•• 

220/10 

70/70/10 

250/7 

250/8 * r 2—60 
104 

284/10 
80/80/10 
250/8 W 2—60 

91 

334/7 
70/70/10 
200/8 »' 2—50 

75 

/ = 3"* • 500 
(M = 8605) 

Vertical rib,. 
Angle-iron*.. 
Flange* 

P 

.. 


280/8 

70/70/10 

300/10 

100 

334/6 
70/70/10 
250/8 a f 2® *80 
80 

/ = 3™ -750 
(M = 9570) 

Vertical rib.. 
Angle-iron*.. 

•• 

•• 

200/8 

70/70/10 

210/10 

210/10 2— 70 

109 

324/8 

70/70/10 

200/13*3—10 

93 

i Vertical rib.. 
/ = 4® • 000 1 Angle-iron* 
(M= 10530) j Flange* 

•* 

.. 

280/10 
100/100/12 
300/10 * r 3—10 
126 

890/8 
80/80/10 
270/10*3—10 1 
98 

/= 4" -250 
(Ms 11515) 

Vertical rib.. 
Anglo-irona . . 

^{^d P X 

.. 

.. 

“ 

272/6 

80/80/10 

300/14 

120 

320/7 

80/80/10 

250/7 

250/8 *F 3— 00 
111 

/= 4—500 
(M= 18500) 

Vertical rib.. 
Angle-irons . . 

Flange. 


.. 

250/10 

80/80/10 

250/12 

250/13 8*3—30 
147 

310/8 

70/70/10 

250/10 

250/10 «* 3“ ‘20 
124 

/= 5" ‘000 
(M= 14500) 

Vertical rib.. .. 
Angle-irons.. 

P 

:: 

.. 


314/7 

80/80/10 

300/9 

300/9 »' 3—40 l 
131 
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DwM.E-rLANr.ED MINOR IxJNOm'OlNAL GlBDEKH. 


k — 0 m ‘400. 

A = 0»-4i0. 

A = 0*» -600. 

A = cm-560. 

A=.0n-600. 

A = 0« -650. 

k = O’" -700. 

1 = 

:: 

1 








•• 


•• 










:: 

:: 






.. 

.. 




•• 



400/6 

70/70/10 





.. 


56 

.. 


•• 




400/7 

80/80/10 

450/6 

70/70/10 






66 

GO 



•• 

- 

" 

400/10 

80/80/11 

450/6 

80/80/10 

•• 


;; 



80 

05 



- 



400/8 

110/70/11 

450/10 

80/80/10 

500/8 

70/70/10 


.. 



80 

80 

70 





400/8 

100/100/12 

450/12 

80/80/11 

600/6 

80/80/10 

„ 


" 


03 

92 

76 

.. 


** 


380/10 
70/70/10 
200/10 s' 8"* *00 
92 

450/6 

100/100/12 

89 

500/8 

110/70/10 

83 

550/8 

80/80/10 

80 

600/7 

70/70/10 

72 



381/8 
80/80/10 
280/8 if 3“ *20 

432/8 
70/70/10 
200/9 W 3“ 10 

500/8 

110/70/11 

550/10 

80/80/10 

600/7 

80/80/10 



95 

87 

90 

88 

73 



1 380/7 

80/80/10 
1 300/10 s' 3™ - 70 

434/8 
80/80/10 
250/8 s' 3“ -20 

484/8 
70/70/10 
200/8 s' 3—10 

538/8 
70/70/8 
180/6 f 2" 70 

600/10 

80/80/10 

650/6 

80/80/10 


105 

94 

87 

76 

92 

76 


374/8 
80/80/10 
300/13 if 4" *20 
•• 

120 

426/8 
80/80/10 
240/6 s' 4"* 00 
246/6 s' 2 m • 80 
94 

484/8 
80/80/10 
250/8 s' 3—50 

97 

532/8 
70/70/10 
200/9 s' 3 Bn *50 

92 

600/6 

100/100/12 

90 

650/10 

80/80/10 

96 

700/8 

80/80/10 

90 
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Table V. (23).— Ckoshiirdeib tob Tiieee-ouideb Bbidoeb. 






Section. 


Weight 

THtUnce 
between the 

Height 




Flanges. 


Of a 

or ttwOiM- 

gt/tlm tbs 

Crub^-iciriter*. 
and Moment* 
of Kuplure. 

Cross- 

glrdt-r. 

Verticil 

Mb. 

Angle-Irons. 

Flret Plate 
of 

4 metres 

kng. 

Second Plate. 

Third Plate. 

Ctosb- 
girder In 
one line 
of K*iU- 

M T' 

o# Hu- ring 

under two 
Iinr.uf 

Mails. 

1--500 

0*300 

mill. 

260/10 

mllL 

80/80/10 

280/10 

280/10 s' 3*-000 


kilo*. 

670 

kilos. 

895 

(M = 12090) 

0-350 

310/8 

70/70/10 

240/10 

240/10 s' 3- 000 


600 

800 


0-400 

380/10 

80/80/10 

250/10 

•• 


570 

760 


0*500 

500/6 

100/100/12 

" 

•• 


495 

660 

2**000 

0-300 

248/10 

80/80/10 

300/13 

300/13 b' 3- 000 


780 

780 

2 

ii 

4- 

C 

SS 

0-350 

310/10 

80/80/10 

300/10 

300/10 s' 3" -000 


680 

680 


0-400 

376/10 

80/80/10 

290/12 



G30 

630 


0-500 

480/10 

80/80/10 

200/10 



580 

5S0 


0600 

GOO/G 

100/100/12 


•• 


530 

530 

2* -500 

0-300 

240/12 

80/80/10 

300/10 

300/10 sf 3- -400 

300/10 s' 2” -600 

840 

670 

(M = 10500) 

0-400 

360/10 

80/80/10 

250/10 

250/10 s' 2“ -800 


670 

540 


0-500 

480/10 

80/80/10 

200/10 



620 

500 


0-G00 

600/10 

100/100/12 



.. 

610 

490 

3” -000 

0-400 

380/10 

100/100/12 

350/10 

.. 


730 

490 

(M = 17800) 

0*500 

484/8 

100/100/12 

250/8 



650 

435 


0G00 

580/10 

70/70/10 

200/10 



600 

400 


0-700 

700/6 

100/100/12 


.. 


560 

375 

3* *500 

0-400 

360/10 

80/80/10 

300/10 

300/11 »• 2® -800 


740 

425 

(M = 19210) 

0-500 

480/8 

100/100/12 

250/10 



680 

390 


0-600 

580/6 

80/80/10 

250/10 



580 

370 


0‘700 

700/7 

100/100/12 


.. 


580 

370 


0*800 

800/8 

80/80/11 

•• 



570 

325 

4" -000 

0-400 

3G0/10 

100/100/12 

300/10 

300/10 s' 2“ -700 


820 

410 

(M = 20540) 

0-500 

480/8 

100/100/12 

300/10 



710 

355 


0-600 

580/10 

80/80/10 

250/10 



660 

330 


0*700 

700/10 

100/100/12 

.. 



G55 

330 


0-800 

800/10 

80/80/11 

.. 

.. 


620 

310 


0-850 

850/8 

80/80/11 




590 

295 

•1"'500 

0-500 

460/10 

80/80/10 

250/10 

250/10 b' 2--700 


715 

320 

(M = 21700) 

O-GOO 

580/8 

80/80/10 

300/10 

• « 


650 

290 


0-700 

700/10 

100/100/12 


.. 


655 

290 


0-900 

900/8 

80/80/11 


" 


610 

270 

5* *000 

o-coo 

580/8 

80/80/10 

340/10 



675 

270 

(M = 22750) 

0-700 

680/8 

80/80/10 

220/10 



645 

200 


0-800 

800/7 

100/100/12 


.. 


620 

250 


0-900 

900/8 

80/80/12 




625 

250 
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Table VI. (24).— CnoM-aisoua fob Two-girder Bridges. 


Pittance 
between the 
CnM-girder*. 

Height i 



Section. 


Weight of 

the Crane- 

••(the 
dm* 1 

Vertical 

Angle-iron*. 


Flange*. 


1 girder* 
the Lineal 
| .Metre of 
Flooring. 

of Hup tun-. | 


IUh. 

Fir«t Plato. 

Second Plate. 

Third Plate. 

2" *000 

0*600 

540/10 

80/80/10 

310/10 

310/10 if 6” -300 

310/10 if 5—000 

j kilos. 
870 

(M =40250)! 

j 0*700 

640/10 

80/80/10 

250/10 

230/10 o' 0-000 

250/10 »' 5-000 

840 


| 0-800 

740/10 

70/70/10 

200/10 

200/10 if 5—800 

200/10 s' 4— 800 

820 


0-000 

880/10 

80/80/10 

320/10 



785 

8—000 

| 0-600 

540/10 

100/100/15 

350/10 

350/10 a' 6—200 

^ 330/10 s' 5**200 

740 

(M = 17950) 

0-800 

740/10 

80/80/10 

250/10 

250/10 s' 6—000 

250/10 s' 4“ -800 

600 


1-000 

974/10 

80/80/10 

300/13 s' 6—000 



530 

4-000 | 

j 0-800 

740/10 

80/80/10 

300/10 

300/10 s' 6—200 

300/10 s' 5” -000 

490 

(M = 35300) 

1-000 

1000/8 

100/100/12 

220/9 s' 5" -800 

220/9 a r 4—500 

.. 

410 


[ 1000 

1000/8 

80/80/10 

250/10 

230/10 s' 4—800 

•• 

400 

5" -000 

1000 

1000/8 

100/100/12 

250/10 a' 6- 000 

250/10 a r 4” -600 


340 

(M = 61250) 









Table VII. (31).— Cross-girders for Road Bridges. 


Hearing of 

the Ctum- 
girdcr. 

Height | 
of the 
Crvee- 
glrder. j 

I lUtanco 

Moment 

of 

Rapture. 

Section. 

Weight of 
the l>us»- 

between the 
principal 
Girder*. 

Vertlcod ! 

Angle-iron*, j 

Flange*. 

girdcr* 
tbti I.lneal 

lCJb. 

First lists. 

Second Ilatr. 

Metre of 
Flooring. 

metre*. 

3 000 

0*250 

3*400 

3600 

mill 

250/8 

mill. 

80/80/10 


- 

kilo*, 
j 120 

1 1 

0-300 

» i 


300/6 

6 0/60/10 



100 

4 000 

| 0-300 

1 4-400 

5910 

300/7 

110/70/11 

.. 

• • 

190 

» » 

0-350 

,, 


350/6 

110/70/10 

.. 

.. 

180 

5 000 ! 

0*300 

5-400 

10625 

274/10 

80/80/10 

J 300/13 s' 4— 300 \ 

\ In length. / 


350 

* t 

0-400 

1 1 

1 1 

880/8 

80/80/10 

200/10 a* 3— GOO 


275 

6-000 

0*350 

6-400 

! 

13500 

1 310/8 

: 80/80/10 

( 250/10 a r \ 

\ the entire length. / 

250/10 a r 4—000 

460 

» » 

0-400 

i * 

» * 

374/8 

80/80/10 

250/13 a' 5* 000 


395 

7 000 

0-400 

7*400 

16625 

356/8 

| 80/80/10 

/ 250/11 a r \ 

\ the entire length. / 

250/11 s' 4— 800 

565 

» ♦ 

0-500 


» » 

476/8 

80/80/10 

240/12 if 5* *400 


455 

8 000 | 

0-500 

8-400 

[ 20000 

476/8 

100/100/12 

220/12 tf 5—500 


600 
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BRIDGE. 


Case op Limited Height (Girders Loaded ok the Lower Side, or the Tubular System). 
Table XII. c. — Four-girder Bridges. 


Height of the 
Girder*. 

Weight tbe Metre of Total Length 

Total the 

Of the Four 
Girder*. 

Of the other Total with the 

I Vet*. addition of 

Lineal Metre 
of faring. 



ra. 

metre*. 

kiln*. 

kiU*. 

kilua. 

kilo*. 


1 - 20 

1*70 

1480 

310 

1970 

2060 

Solid girders .. 

30 

40 

2*30 

2-90 

2440 

3480 

330 

860 

3050 

4220 

3190 

4410 


50 

3*50 

4560 

380 

5430 

5680 

Multiple lattice- 
girders without 
vertical rods. 

/ - 20 

.HO 



50 

2*20 
3* 30 
4 *40 
550 

1260 

1H60 

2440 j 

3040 

330 

370 

420 

460 

1750 

2450 

3150 

3850 

1830 

2500 

3290 

4020 


/ - 20 

2-20 

1060 

3:40 

1530 

1600 

Triangular 

80 

3*30 

1620 

370 

2 1 90 

2290 

lattice-girders. 

40 

4*40 

2180 

420 

2860 

2990 


50 

5*50 

2720 

460 

3500 

3000 

Cross lattice- 
girders without 
vertical rods. 

ii 

2*20 

3*30 

4*40 

5*50 

1040 

1540 

2080 

2600 

330 

370 

420 

460 

1510 

2100 

2750 

3370 

1580 

2200 

2870 

3520 


Solid 

girders. 


Multiple 
1a t tint- 
gird era 
without 
vertical 
rods. 


Triangular 

lattice- 

girders. 


Cross 

lattice- 

girders 

without 

vertical 

rods. 


Case or Uklimited Height (Girders under Rails). 

Table XII. d. — Three-ginler Bridges. Tablf. XII. e. — Two-girder Bridges. 




Height 

Weight the Metre of Total 
length 

Total 

the 


Weight Uh* M Atm of Total 

lAitgth 

Total 

the 

Lineal 








of the 
Uirdeia. 






of the 
Glider*. 

Of the 
Two 
Outside 
Girder*. 

Of the 
Centre 
Girder. 

Of the 
other 
lleces. 

Total 
wiili the 
addition 

A- 

Metre 

of 

Hearing. 

Of the 
Two 
Girders. 

or the 
other 
Piece*. 

Total 
with the 
addition 

Of A- 

Metre 

of 

Hearing. 

m. 


mitre*. 

kilo*. 

kilos. 

kilo*. 

kllu*. 

kilo*. 

me inn. 

kilo* 

kilo*. 

kilo*. 

kiln*. 

T 

fC 

o 

First 

1*80 

860 

350 

500 

18S0 

1970 

215 

980 

550 

1680 

1780 

30 

arrange- 

ment. 

,2-40 

1430 

570 

530 

2780 

2910 

2*70 

1600 

580 

2400 

2500 

( 40 


3*00 

2000 

800 

560 

3700 

3860 

3*40 

2260 

630 

3180 

3320 

40 


3*00 

I860 

950 

850 

4030 

4210 

340 

2200 

780 

8280 

3430 

1 so 

m cut. 

: 3-oo 

2500 

1250 

900 

5120 

5350 

4*00 

2900 

800 

4070 

4250 

// = 20 


2*20 

740 

280 

520 

1700 

1770 

2*40 

870 

560 

1570 

1640 

30 


3*30 

1100 

400 

580 

2290 

2390 

3*60 

1270 

630 

20!K) 

2180 

40 

incut. 

4*40 

1440 

530 

650 

2880 

3010 

4*80 

1680 

700 

2620 

2740 

40 

4*40 

1300 

630 

850 

3060 

3200 

4*70 

1600 

830 

2670 

2800 

50 


5'50 

1660 

800 

900 

3700 

3860 

6*00 

2000 

880 

3170 

3310 

GO 


6*70 

2020 

960 

960 

4330 

4530 

7*00 

2470 

920 

3730 

3900 

70 

ment. I 





•• 

8*50 

3060 

9S0 

4440 

4640 

V 80 

1 ** 






9*50 

8660 

1020 

5150 

5380 

Was 20 


i 2*20 

650 

230 

520 

1540 

1610 

2-40 

780 

.wo 

1470 

1540 

30 

arrange- 

3*30 

980 

350 

580 

2100 

2200 

3'60 

1160 

630 

1970 

2060 

40 


4 40 

1300 

460 

650 

2650 

2770 

4*80 

1510 

700 

2460 

2580 

40 


1 4*40 

1180 

560 

850 

2850 

2980 

4*70 

1450 

830 

2510 

2620 

50 

Second 

5*50 

1500 

710 

900 

3420 

3570 

6- OH 

I *70 

880 

3030 

3160 

60 

lnrrange-< 

6*70 

1820 

860 

960 

4000 

4180 

7 '00 

2280 

920 

3520 

30SO 

70 

mint. | 

.. 






8*50 

2900 

980 

4270 

4460 

\ so 

i *' 



.. 



9*50 

8500 

1020 

4970 

5200 

//= 20 

First 

2*20 

640 

230 

520 

1530 

1600 

2*40 

750 

560 

1440 

1500 

( 30 

arrange- 

3*30 

940 

340 

580 

2050 

2140 

3*60 

1120 

630 

1930 

2010 

40 

ment. | 

4 '40 

1240 

410 

650 

2560 

2630 

4*80 

1480 

700 

2400 

2510 

1 40 

7 

4*40 

1120 

540 

850 

2760 

2880 

4*70 

1400 

830 

2450 

2560 

| 50 

Second 

5 * 50 

1430 

680 

IKK) 

3310 

3460 

6*00 

1800 

880 

2950 

3080 

60 

arrange- / 

6*70 

1740 

820 

960 

3870 

4050 

7*00 

2200 

920 

3430 

3590 

70 

infill , 1 







8*50 

2700 

980 

4050 

4290 

V 80 


*’ 


" 



" 

9*50 

3200 

1020 

4640 

4359 


Digitized by Google 







Table XIII. — Weight the Lineal Mi tre op Road Bridges. 


BRIDGE. 879 



Digitized by Google 


880 


BUDDLE. 


See Aqueduct. Arch. Drawbridge. Embankments. Materials of Construction, 
strength of. Oblique Arch. Tiers. Pontoon. Retaining Walls. Viaduct. Weighbridge. 
Works on Undoes: — Perronot. » (Kuvrc*,' folio ami 410, 1788. Gauthoy, ‘Trait*; des Fonts,' 

3 vols., 4to, 1810. Ware, *On Vaults and Bridges,* 8vo, 1822. Haim uml Hnskin’s ‘Theory*, 
Practice, and Architecture of Bridges,' 5 vols., royal 8vo, 1843-50. E. Clark. 4 On the Britannia 
and Conway Bridges,’ 2 vols., 8vo, plates, folio, 1850. Bow, ‘On Bracing,* 8vo, 1851. Bomlsnt, 

4 IX's Pouts Suspondus,' 4to, Paris, 1853. Humber, 4 On Iron Bridges and Girdors,* imperial 4to, 
1857. Roy, 4 Des Pouts et Viaducts en Motjonnerio,’ 8vo, 1857. J. II. I^atham, ‘ On the Construc- 
tion of Iron Bridges,' 8vo, 1858. L. von Klein, ‘Snmmlung eisemer Briiokcn oonstructionen,’ 
Stuttgart, 18G3. Humber, ‘ On Iron Bridge Construction,* 2 vols., imjierial 4to, 1804. J. Gnudard, 
4 Do Divers Systcraes de Fonts en Fer,’ 8vo, Paris, E. Lacroix, 1865. Haupt's 'Theory of Bridge 
Construction.' 8vn, New York, 1805. Stoiiey, 4 On Strains in Girders,’ 2 vols,, royal 8vo, 1800-00. 
W. Frankel, * Bcrechnung eisemer Bogenbriicken,’ Hanover, 1807. Shield's 4 Theory of Strains 
in Girders,' royal 8vo, 1867. Baker, ‘On Long-Span Railway Bridges,’ 12mo, 1807. Unwin, ‘ On 
Wrought-Irmi Bridges and Roofs,’ 8vo, 1809. J. A. Roebling, ‘Long and Short Span Railway 
Bridges,’ folio. Van Nostrum!, New York, 1809. Humber, ‘Strains in Girders,’ 12ino, 1809, Brae's 
‘ Railway Practice,’ 4 vols., 4to. Byrne's 4 Essential Elements of Practical Mechanics.’ Sega in 
Aine, 4 Das Pouts en Fil de Fcr.’ Also various Papers in 4 Annalos des Fonts et Chausseos,’ and 
the 4 Transactions Inst. C. E.,’ the * Inst. Mechanical Engineers,’ * Society of Engineers.’ 

BRIDGE-llEAD. Fil, Tile tie pont ; Ger., BrUckenkopf ; Ital., 'Testa di ponte, Testa ta ; 
Span., Cabtta del jmen to. 

See Fortification. 

BRITAN NIA-METAL. Fr., Metal britannique, Mental anglais ; Gkr., Britannia Metall ; Ital., 




Leya Britannia. 

8oo Alloys, p. 49. 

BRONZE. Fil, Bronte ; Ger., Bronze; Ital., Bronzo; Span., Broncc. 

See Aluminum. Bronze. Copper. Tin. Zinc. 

BUDDLE. Fr., Baguet a rimvr, lamir ; Ger., WiijcAfroy, Waschvecrk; Ital., Lavatoio della 
miniera ; Span., Mesa de Amir. 

The apparatus shown in Figs. 1802, 1803, was invented 
by Hundt, a Prussian engineer. Its introduction in the 
gold mines of Victoria has been attended with suooesa. 

The arrangement of this huddle possesses the advantage 
of affnnling a large working area at the; head, ami at the 
same time effects a lietter separation of the waste than cau 
bo produced by round buddies of the ordinary conatroo- 
tion. And when the lighter portions of the tailings have 
become separated from 
the heavier near the pe- 
riphery of the circle, the 
area over which they are 
distributed gradually di- 
minishes, which, by in- 
creasing the rapidity of 
the flow, enables them to 
be more readily carried 
off. In Australia this 
apparatus is employed 
for concentrating tailings 
from which a large pro- 
portion of gold has bocn 
previously extracted by 
the usual appliances. A 
is the Kimut which con- 
ducts the mixture of 
water and sand to the 
huddle : B, the outlet for 
carrying off tho earthy 
impurities or final tail- 
ings; C, shaft commu- 
nicating motion to the 
huddle arms d ; e, distri- 
buting launders ; and g\ 
pipes attached to them. 

The pipe / supplies clean 
water to the annular cis- 
tern <y, from whence it 
passes by the pipes g\ 
with rose apertures at 
the ends, and serves to 
dilute tho mixture of 
water and tailings dis- 
charged by the launders 
e. on the annular incline 
at the periphery. The whole of this arrangement revolves on the shaft D. The final tailings fall 
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into the circular pit », previous to being carries! off by the channel B. To the wooden bars k aro 
attached piece# of canvas, which sweep over the surface of the stuff deposited in the bnddle, and 
keep it even and free from ruts. The tailings, entering the receiver A, are distributed at the peri- 
phery of the bnddle through tho four launders e, which at their extremities aro turned at right 
angles to the direction of their motion when in action ; and at the same time clean water is dis- 
tributed by the apertures pierced in the termination* of the pipes g‘. The *peed given to this 
arrangement of arms, launders, and pipes, revolving on the shaft D, varies in proportion to tho state 
of divisions of the sands to be treated. When these are rather coarse, the machine may make from 
six to eight revolutions a minute ; but when very fine stuff lias to be operated ujmn, the speed is 
considerably increased. The influx of tailings and water must be regulated in accordance with the 
speed of the arms and the density of tho material operated upon ; and although no very definite 
instructions can be given with regard to this subject, a chart of the apparatus will enable any 
intelligent workman to make tho necessary adjustments. The bed may be from 12 to 18 ft. in 
diameter, and it may have an inclination of from 6 to 9 in. from tho edge to the centre. At the 
Port Phillip works the tailings cleaned by machines of this description aro subsequently roasted, 
and passed through Chilian mills : hut where, as in California, the enriched pyrites have to bo 
transported to considerable distances, it would require to be more than once passed through tho 
machine, or, after being once buddled, the heads might be further enriched, either in tho rocker, 
or by a hand -huddle or shaking-table. A huddle of this kind can be filled in about four hours, 
and it will be found an excellent apparatus for enriching ores with but little waste. If it bo 
intended to dress sulphides directly from the riffles, so as to render them almost entirely free from 
siliceous matter, the first heads will require to be re-washed once at least, and the second heads 
twice; but when this is done, it is necessary to be provided with other buddies besides those 
which first receive tho tailings direct from the riffles, and which will be constantly in use for that 
purpose. 

When the tailings to be washed are not conducted directly from tho blanket boards, but are 
taken either from tyes or the heads of other buddies, they are charged with a shovel into a 
hopper connected with a circular sieve, working in water, which discharges into the spout A. 

8ce Gold and Gold Mixing. 

BUFFER. Fr., Tampon, Appareil de choc ; Ger., Buffer; Ital., Respingentc. 

A buffer is a cushion, or apparatus with strong springs, employed to deaden the concussion 
between a moving body and one, in motion or at rest, on which it strikes, as at the end of a rail- 
way carriage. A buffer is sometimes called a buffing apparatus, when it is composed of two or 
more parts or of two or more springy suhstancea, as of steel, india-rubber, gutta-percha. 

Tho central buffing and drawing apparatus, designed by E. D. Chattaway, is shown in Figs. 
1804 to 1806. 

1804 . 

Side elevation. 



Fig. 1804 is r side elevation, and Fig. 1805 a plan of the new coupling, working in connection 
with nu ordinary draw-hook; and Fig. 1806 is an pud view of the bufler-head. The buffer and 
draw-hook are constructed in one piece, and the buffer-head A, instead of being circular, is made 
of the peculiar form shown in Fig. 1806. The lower portion only is curvilinear, and the upper 
part is made narrow, and while presenting a buffing surface in front, it is slinped on its inner side 
similar to a drateJkook, for the purpose of receiving the coupling-link B, which works upon it as 
upon an ordinary draw-hook, and thus forms a complete hook and link connection. The draw-rod 
C is screwed near the end just within the buffer-head. Upon this screwed part is fitted the 


Digitized by Google 



882 


BUFFER. 


adjusting rat and collar P with projection arms E, Fig, 1805, carrying the large coupling-link B. 
The coupling can thus Ik? drown hard up or slackened off by means of the pcndulouB lever F. 

The ordinary coupling and butting arrangement* a* applied to railway wagons aro oj^en to 
several objections. Aw there is no menus of tightening up the couplings, there is always a con- 
siderable amount of play lietwiH’n the adjacent vehicles of a train, frequently as much as 18 in, with 
wagons. The effect of this is, in the find place, to lengthen the train, thereby causing a greater 
expenditure of motive power, owing to increased effect of the wind and pressure of the flanges of the 
wheels against the rails, when the train is running through sharp curves : find, in the second place, 
to render the couplings liable to break or to become detached from tho draw-hooks, in consequence 
of the train being started and stopped in detail by a series of sudden and violent jerks ; a jerking 
action also causes a severe strain upon the draw-springs and often breaks them; besides, it acts 
injuriously upm tho permanent way, and increases the risk of conveying goods of a fragile 
nature. As regards corner buffers, they aro objectionable from tho circumstance of tho two buffers 
l*?ing seldom struck at the same instant or with the same degree of force, even ou a perfectly 
straight line; while on curve* the buffing action is mainly confined to one side of the train, 
severely straining the framing of the vehicle*, a ml having a tendency to fore© the tenons out of 
the mortice*. Besides tending to damage the rolling-stock, this action also tends to injure tho 
(xuniancnt way, and to increase the cost of maintenance of l*>th. It ia also to be remarked that 
the ordinary buffers and couplings aro always opposed to instead of being in harmony with each 
other, the couplings being slackened a* the buffers are brought into play, and rice rcrad ; and the 
reaction of the buffers has sometime* fractured the couplings. 

A further objection to the ordinary couplings is the difficulty and delay frequently experienced 
in attaching and detaching wagons, since, unless the couplings bo slack, it requires a violent 
shunting together of tho train to allow thy coupling-link to be slipped over tho draw-hook ; and if 
the draw -hooks Ik? close to each other before the coupling has been lifted up, the train Iia* to lie 
drawn ajmrt to admit of the link being raised, and then shunted together again in order to bo 
attached. Imlojjendent of extra expenditure of engino-power and wear and tear of rolling-stock, 
this shunting is also a source of accident. 

The most complete and effective buffing apparatus now in use is that of L. Sterne, shown in 
Figs. 1807 to 1811. 

The buffers or springs, Figs. 1807, 1808, are built up of soft india-rubber rings and circular 
steel plate* ; the terminal plate* of each of the springs being complete discs, some arc formed with 
a hole through the centre. During tho process of vulcanization the buffer-rings become inseparably 
titiibd with the plates, and inch spring thus becomes a perfectly air-tight chamber. When the pres- 
sure is brought to l>ear cm tho spring*, the air within them becomes compressed, and offers a resistance 
proportionate to the amount of such compression and to the area of the disc* ujiou which the 


pressure of the air is exerted. The india-mbber rings not only 
perform the office of securely retaining tho air within them, but 
they completely resist sudden concussions. 

In order to avoid friction upon tho rubber, by which it would 
be quickly destroyed, the circular plates are extended beyond the 
ring* to a distance proportioned to the depth of these rubber rings. 

The india-rubber, therefore, mnnot tie injured, or come in con- 
tact with the inner surface of the cylindrical cover. 

These buffers can be made of any desirable form, and air- 
tight chambers, constructed in the manner just described, can be 
built up to any length required in practice. It will be seen that 
no mechanical fittings are required to make a perfectly air-tight 
chamber. The union of the rubber to the metal being of a solid 
and not merely adhesive character, the juncture is impervious. 

These butlers are capable of resisting great compressive force, 
while at the same time they possem great sensitiveness an springs. 

Unlike a steel spring, which, if made to resist great force, is rigid 
until a considerable weight is brought to bear upon it, thisbufler- 
spring is sensitive to a very slight pressure, and yet absorb* a power 
of 15 ton*, being 100 per cent, more than the resisting power of 
any steel spring* used for this purpose. In most case*, where 
the action of buffers is required, the apparatus of Sterne, without 
alteration of principle, may lie applied. 

Fig. 1807 shows a cast-iron case, with a solid wrought-iron plunger, four rubber rings, and five 
steel plates. 
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Fig. 1808 is of a cast-iron case, containing a cant-iron cylinder-plunger, pneumatic spring power, 
five rubber rings, and six steel plates. 

Fig. 1800 represents a pneumatic rubber draw-spring. It has four rubber rings and three ovnl 
stool plates. 

Sterne’s buffer is in use on many railways. The arrangement, Fig. 1810, is that adapted to the 
carriages of the Metropolitan Kail way. 




Each bnffer-rod carries a kind of shoe embracing the ends of a compensating travelling beam, 
which extends from one spindle to the other. This transmits the pressure fairly to the springs, at 
the same time enabling the buffer-rods to accommodate themselves freely to the position of the 
carriages passing round curves. The buffing spring occupies a length of 13$ in. when uncom- 
pressed, and is capable of being compressed Din. Tho light spiral springs at the end of the buffer- 
spindles are merely placed there to prevent chattering. The draw -spring is formed by a pair of 
pneumatic springs composed of four rings of rubber each, inseparably united hi three oval steel 
plates through which the drnw-bar. Figs. 1810, 1811, passes, Wee I-ocoiiotives. 

BUILDING. Fit., ( on*trurtion t batimmt ; GEB., Batten ; Ital., Cottrut tone. 

8ec Bond. Bridge. Foundations. Joints. Masokhy. Railway Enc.i seeking. Roof*. 
Scaffolding. 

BULLET-MAKING MACHINE. Fb., Machine t> faire dcs bailct ; Geb., Kuycl'Gitmivti'hint. 

In the manufacture of ordinary bullets for small arms the lead is first melted in an ordinary 
cast-iron vessel, fitted with a spout and movable plug at the bottom. By means of a removable 
spout, the linuid lead is conveyed to the cylinder A in Fig. 1813, where it remains until it is a solid, 
but not anv longer, as the nearer it is to the fluid state, the easier it is shaped, so as to form a rod. 
The lead, being pushed up by hydraulic pressure, as in the lead-pipe machine of Cornell, flows out 
at the orifice in the die B, which may be made with different shaped orifices. 

To convert the rod into bullets, it has first to be cut into portions, then each portion has to be 
compressed in ventilated dies, care being taken to prevent metallic contact, which is done by 
lubrication. 

3 L 2 
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Such conditions may be attained by a great variety of mechanical arrangements : Figs. 1811, 1814, 
illustrate John Anderson's Bullet-making Machine, which was extensively employed at Woolwich. 

By referring to Fig. 1812, it may be seen that the rod of lead from the lead-pipe or lead-rod 
machine, after being coiled upon a portable reel, im*. 

is wound upon the reels C, C, which are fixed upon 
the framing of the bullet machine. Fig. 1812. 

The lead rod is then conducted by a pair of 
small rollers D, through the cutting-ofT lever K, 
into the clips F, Fig. 1814, in which it is gripped 
while being sheared off ; when the lever is raised 
up to perform this operation by the cam (G Fig. 

1812) the length of lead rod thus cut oft* is deter- 
mined by the adjustable stop. 

To prevent the lead rod from slipping out of 
the die, it must be thoroughly clean and free from 
grease ; it is therefore passed through a roll of tow 
or ootton waste I saturated with turpentine. 

After the block of lead of the required length 
is cut off, the clips E,F, Figs. 1812, 1814, are 
opened, and the block is allowed to fall by gravi- 
tation to the bottom of the clips, and from thence 
is pushed into the forming-die J, Fig. 1812, by 
the punch K (the point of which is lubricated at 
each stroke) ; the finished bullet is then knocked 
out by the small punch L, into a shoot, by which 
it is conveyed to suitable boxes. 

In order to ensure a clean and perfectly-formed 
bullet, it is necessary to ventilate the dio ; in this 
case the air escapes through the small punch L, 
which is bored out for that purpose. 

When the portion of lead within the die has 
been compressed, the superfluous metal is squeezed 
out at the junction, thus forming a sort of frill, to 
remove which dips, Figs. 1812, 1814, are em- 
ployed. These clipa are pieces of steel contain- 
ing a hole the size of the bullet ; they rise in front 
of the die so soon as the punch has retired; 
at the next instant 
the bullet is pushed 
through the hole, thus 
leaving the frill behind. 

When indentures 
have to be given to 
bullets, this is accom- 
plished by passing 
them between a revol- 
ving disc and a corres- 
ponding fixed segment, 
the acting surfaces 
being of the required 
shape, and so placed 
with regard to each 
other that the entrance 
of the indenting chan- 
nel shall be wider than 
the opening at the 




point of exit. The revolving surface imparts a circular motion to the bullets, in a manner similar 
to that of milling coin. 

J. D. Cuatar’s Bullet Machine, Fig. 1815, has an arrangement of devices for cutting off the 
blank from a rod or thick wire, and depositing it in a radial groove u in the flat face of a turn- 
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table which carries it in front of a cylindrical die. A piston or male die fitting tho said cylinder 
force* the blank therein and against a female die. When tho male die i* retracted, and tho 
female die thrust forward, it force* tho blank out of the cylinder and upon the carrier S, which 
during tho operation of the die* remain* at rest. The bullet is then carried around the latho, 
where it ia again seized between the sliding mandrel and centre of the lathe, and trimmed off 
to the proper shape by a tool which is fed to tho work by mean* of a lever operated by a cam 
attached to the driving machinery C. 

BUNG-CUTTING MACHINE. Fr., Machine a couper lc tampon da hois ; Gkk., Spundsapfan- 
Schneidmaschina ; Ital., Maockina da cocchiumi. 

See Cask-making Machinery. 

BUOY. Fil, Boutic, Amarque, Balisa ; Geb., Buja y Bojc, Ankerbojc ; Ital., Uatilallo ; Span., 

Boy a. 

See Lir.irr houses; Beacons; and Buoys. 

BURNISHER. Fr., Brunissoir ; GlL, Polirstahl ; Ital., Brunitoio. 

See Hand-Tools. 

BUSH. Fr., Coussinet ; Geb., Metall fuller ; Ital., Bronxina ; Stan.. Coginete. 

A bush is a perforated picco of mctAl, a* hard brass, let into certain pnrts of machinery, to 
receive the wear of pivots, journals, and the like, as in the pivot-holes of a clock, the hub of a 
cart-wheel, and so on. Any similar lining of a hole with metal, as the vent of a guu, is termed 
the bush . See Details or fcNutNES: Ordnance; and Small Arms. 

BUTTERFLY-VALVE. Fr., Rohinat papUton; Geb., Schmetterlings- Vcntil ; Ital., Valoolaa 

far folia. 

See Valves. 

BUTTRESS. Fr., Contre-fort , fperon, arc boutant ; Geb., St rebepf filer ; Ital., Contra forte ; 
Span., 6 mac/ton. 

A buttress is a projecting support to the exterior of a wall, most commonly applied to churches 
in the Gothic style, l*ut also to other building*, and sometimes to mere walls. A prop, a shore, or 
support, is also called a buttress. See Coast Defences. Construction. Fortification. 

BUTT- WELD. Fr., Sotuiurc par rapprochement ; Geb., Stump fa 8chweiufuge ; Ital., BolUtura 
affrvntata. 

See Foroino. 

CABLE. Fr., Cable; Ger., Tau ; Ital., Canapo, Coro; 8pan., Cable. 

A cable is a Large, strong rope or chain, employed to retain a vessel at anchor, and for other 
purposes. It ia commonly made of hemp or iron, but sometimes of iron or copper wire, as in tho 
cose of the cable of a suspension brvLjc, or of a submarine connection in tho electrical telegraph. 
Practical information, however limited, upon tho strength of rope and chain, is of great value and 
iin|»ortancc to the seaman, siuco there is scarcely an operation connected with his duties that can 
be performed w ithout the use of a chain or a rope. 

William Macdonald, Superintendent of the Liverpool Chain-testing Works, in 1800, before a 
committee of the House of Commons, gave the following tabulated statements, which show the 
total number of fathoms of chain proved by him from 1855 to 1859. 


Stud Chair. 


Bate. 

Total Number 
of 

Fathoms proved. 

Number of i 
Fathoms 
defective. 

Number of 
Pathoms 
not defective. 

Number of 
Fathoms 
condemned. 

! IVruenUge 
of defective 
{ Chains. 

1855 

.. 1 10717 1 

8802 

1855 

576 

829 

1856 

11336 | 

9575 

1761 

438 

K4} 

1857 

12826 

10393 

2433 

316 

81 

1858 

9387 

8278 1 

1109 

383 

88 

1859 (to August 2nd) 

.. ; 5711 

4038 

1673 

329 

71 

Total .. 

.. 49977 

41146 1 

8831 

2042 

82} 


OfcosE Link. 


Uua 

I Total Number 
of 

Fathoms proved., 

Number of j 
Fathoms 1 
defective. l 

Number of 
Fathoms 
nut defective. 

Number of 
Fhttkoaai 
cundi-tnncd. 

Percentas* 
of defective 
Chains. 

1855 

3799 

1918 

1881 

278 

50* 

1856 

8752 

4636 

4116 

37 

52} 

1857 

10190 

7398 

2792 

955 

72 

1858 

8731 

5469 

3262 

44 

62} 

1859 (to August 2nd) 

5412 

2066 

3346 

227 

38 

Total 

36884 

21487 

15397 

1541 

58} 


Deductions and rules respecting tho strength of material*, based on the experiments of Trad- 
gold, Barlow, Fnixbeim, and Hndgkinson, are not reliable, for these and other experimentalists 
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employed incomplete tenting apparatus; and in general they operated upon fragments of materials 
too small to warrant their conclusions with regard to large and complicated structures. This 
remark does not apply to David Kirkaldy, who, from his skill and the accuracy and gn at range 
of his testing machinery, furnishes results in every respect reliable. We add a tabulated state- 
ment respecting the relative strength of welded joints, taken from Kirkaldy’s work, ‘ Results of 
an Experimental Inquiry into the Tensile Strength and other Properties of various kinds of 
Wrought Iron and Steel.' 

In the experiments made by Kirkaldy to ascertain the strength of wchhd joints, the pieces 
were cut through the middle, and then scarfed and welded in the ordinary manner by the same 
smith who prepared the bolts for his other experiments, and a few were prepared by a chain- 
maker, for comparison. The results varied greatly,— fourteen, operated ou by the smith, show a 
loss, compared with the original whole bar, from 4* I to 43*8 |»er cent., the mean loss l>eing 20*8 
per cent.; four by the chain-maker, from 2*G to 37*4 : mean, 15*1 per cent. Of the former, four 
broke solid, away from the weld ; eight, portly through solid portion and partly at the weld; two 
separated at the weld. Of the latter, two broke solid; one broke partly solid and partly at the 
weld; and ono gave way at the weld. It may be noticed that different sizes and also different 
qualities were used, but the results were alike uncertain, and are further proof of the correctness 
of the following observations by James Nasmyth, which appeared in ‘The Engineer,’ 8th March, 
18G1, a considerable time after the exfM-rimcnts of Kirkaldy were mode: — 

“Of all the processes connected with the working of malleable iron there is none that has a 
more intimate relation to the security of life and property than that of vrlJituj, or the process by 
which wo are enabled to unite together, in one mass, the several portions of malleable iron, 
of which the generality of works in that material are formed. Every single link in a chain cable, 
every wheel-tire in a railway train, directly owes its trustworthiness to the manner in which the 
process of welding has been performed, in no fur as that any imperfection in any one single 
member of the set of cable links or railway wheel-tires may involve a most fearful loss of life, of 
which, of late years especially, we have lind such distressing and melancholy experience. 

“ In order to render clear the following remarks as to the cause of, anti means that should be 
employed to prevent, defective welding, it is necessary to explain the nature of the process of 
welding, which consists in inducing upon malleable iron, by moans of a very high heat, a certain 
degree of adhesiveness, so that any two pieces of malleable iron, when heated to tho requisite 
degree, will, if brought into close contact, adhere or stick together with a greater or less tenacity, 
according to the amount of force applied to urge them into dost* contact 

“It is, therefore, to the means of thoroughly expelling this vitrified oxide from between tho 
surfaces of tho iron where tho welded junction is to take place that wo must direct our attention ; 
for so long as any portion of this adhesive viscid substance is permitted to exist ami interpose 
itself between the surfaces we desire to unite, no sound junction can take place, and once it has 
made a lodgment no after-heating or hammering, he it ever so severe, will cause its thorough 
expulsion. It is, therefore, to the thorough expulsion of the vitreous oxide in the 11 rat stage of tho 
welding that we must direct the most careful attention ; and it would, in no small degree, tend to 
prevent those fearful accidents of which defectively-welded ironwork is the principal cause. 

“Shine the chief cause of defective welding arises from portions of the vitreous oxide of tho 
iron being shut up between the surfaces at tin* |sirt presumed to have been welded, and that, 
besides the impossibility of ascertaining, in the ma jority of eases, after the process of welding lias 
liecn gone through, whether or not this vitreous oxide has been thoroughly expelled, and the sur- 
faces at the welding brought into perfect metallic union, and that no after-heating or hammering 
can dislodge the vitreous oxido when once it has effected a lodgment, our best security is to form 
the surfaces of the iron at the part where tho welding is desired to take place, so that when 
upplied to each other, at the welding heat, their first contact with each other shall he in the centre of 
each.** 

Kirkaldy tested two steel bars w'elded at the makers’ works, the result still more unsatisfactory 
than with iron— ono showing a loss of 45 f 0, the other 59*6 per cent. : whilst other two ported at 
tho wold during tho operation of forming the heads, previous to testing. At the commencement 
of these experiments several attempts wore made to form heads on tho stool specimens, in the 
same manner as on tho iron, by welding on rings; but ns they cither failed at the weld, or the 
steel was found to lie burned, that method was abandoned. 

With the view of ascertaining tho effect of heating iron to the welding point, and then allowing 
it to cool slowly without being hammered, an experiment was made by Kirkaldy with a bur of 
Glasgow B. Best, tho results of which are stated in his table N, 1095. Although its breaking 
strain was nearly the same os that borne by another piece, 1094, off the same bar, in the ordinary 
condition, yet it will lie found that the ductility of the iron had been injured by the high tempe- 
rature and want of hammering; for it wus found that instead of 42*2 per cent, it only contracted 
27*8, or 34 per cent, less than tho latter. 

Figs. 1810 to 1829 exhibit mooring and other chains, with the articles required to be appended 
to such chains, and the proportions of iron chain cables, as supplied hi the English Royal Navy. 

Fig. 1810 shows the pin and lead pellet, through forelock, and pnrt of the ring or shackle on 
the anchor-shank. Figs. 1810 to 1821 present two views of each part of a cable where connections 
are made. 

The dimensions given on the links, Ac., signify so many diameters of the iron of the common 
links of the cable, thus forming the scale for all sizes. In the mooring chains and gear, the unit 
is thu thickness of the iron of the link. 

Referring to Figs. 1810 to 1821, and large shackle for connecting any length of cable of 
12} fathoms : B, end links, without stay-pins; C, enlarged links, with stay-pins; D, common links, 
thickness put = 1 ; E, swivel in tho middle of every other length of 12} fathoms; F, joining 
shackle for connecting either end of any length with any other length of the same size. 
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Welded 


Index Names of Maker* or Works, and how 
No. I Treated. 


Iron Bar*. 


1491 

1492 

1493 

1494 

1495 

1496 

1497 

1498 


Go van B. Best. Welded bv smith 


fGovan Ex. B. Best. Welded byl 
\ chain-maker / 


Original 

Weight 

on 

Steel- 

yard. 

Breaking Strain. 

Diam. 

Area. 

Total on Specimen*. 

Welded. 

tn. 

«!■ In, 

lb*. 

It*. 

it.. 

•76 

•4536 

590 

255!H) 


56415 


•76 

•4536 

569 

25002 


55119 


*75 

•4417 

407 

204 GO 


46335 


•76 

•4536 

421 

20858 

I 

45983 


•76 

•4536 

605 

26010 


57341 


•76 

•4536 

598 

25814 

21411 

56909 

48984 

•76 

•4536 

420 

20830 


45921 


*08 

•3632 

140 

12990 


35765 



isie. 



ms. 



Figs. 1822, 1823, George Elliott’s splicing shackle. 

Figs. 1824, 1825, Hardy’s mooring swivel ; 1826, splicing tails; 1827, 1828, swivel and shackle 
for mooring chain ; and 1829, links for pendant, or bridle chains. 

Before 1842 no positive information on the strength of hempen cables was established. How- 
ever, some experiments on the smaller kinds had been made, and the strength of a good lOJ-in. 
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cable or 10-in, hawser-laid rope was 
considered to lx* about 20 tons ; these 
formed a Bade by which the strength 
of other sizes was calculated, but 
there was no satisfactory evidence in 
proof of this scale with regard to any 
size. It was therefore ordered that a 
series of experiments should be marie 
in Woolwich Dockyard to ascertain 
by positive proof the strength of all 
cables, both hempen and cliain, of 
various size*, from the smaller kind 
up to the largest then in use. The 
experiments were accurately recorded 
by Nicholas Tin mouth ; but the test* 
mg machine used by Tinmouth was 
far inferior to the one employed at 
present by David Kirkaldy. The 
sizes of hemp selected for experiment, 
Table L were 25 in. circum- 


1820. 



r. t" 



1622 . 


ferenoe, 22} in., 20 in., and so 
on. The sizee of tho chain 
cables were, as shown in 
Table II., from 2} to f of 
an inch. 

It is necessary to state 
that the 2}-in. chain was 
not tested, on account of the 
probability that the testing 
machine would bo seriously 
injured in tho event of this 
chain breaking under a 
heavy strain. There were 
six experiments upon each 
of the other nine sizes of 
chain cable, amounting in 
the whole to fifty-four; and 
eight experiments upon each 
of the nine hemp cables, 
making together seventy- 
two. 



1623. 


These experiments are easily distinguished in the Table by their extending through all the 
columns from side to side. The strength of all tho intermediate sizes, both of hemp and chain, 
was calculated by tho following rule : — Divide the difference of the two strains by the difference of 
the squares of the diameters, or circumference, for a constant multiplier. This multiplier into the 
difference of the squares of any two sizes will give the number of tons to be added to the strain 
upon the smaller. As the actual strength of any instrument can only, as a whole, bo considered 
equal to its weakest part, the minimum column of strength in the Tables must be considered tho 
safest. The right-hand column has been calculated from tho weakest of all the experiments, and 
may be serviceable where risk is apprehended and great caution necessary. With reference to the 
strength of the hawser-laid rope, and rigging or crane chain, in Tables III. and IV., the experi- 
ments were made at various times for isolated purposes ; and although not in tho same progressive 
order as in tho case of the cables, yet the strength was ascertained oy the same machine with tho 
same degree of accuracy and embracing a sufficiently numerous class of sizes to render the calcula- 
tion of all intermediate kinds equally correct. 
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Table I. — Fob Ascektaixiso tub Sthehqth of Chain Cables. 


SUe. 

No. of 
Yarn*. 

Weight, 

llM) 

Katlwai*. 


Breaking Weight, In Ton*. 




Cal- 
culated 
from • 
weakeat. 

Max!. 

mum. 

Intermediate Strain*. 

Mini- 

mum. 

Mean. 

In. 


lb. 










26 

3328 

14112 

122-2 



•• 

.. 


105-9 

111*6 

101-5 


3393 

13572 

117*5 

.. | .. 

•• 

.. .. 


101-9 

107-3 

97-6 

f25 

3207 

130G8 

113* 

107- 

ioo s 

102* 

101*5 

99* 

99* 

98* 

103*2 

93-8 

244 

3122 

12488 

114 4 

.. I .. 


.. I .. 


94-4 

102*5 

901 

24 

3000 

12024 

115*7 

.. 1 .. 




91- 

101-9 

86*5 

234 

2880 

11520 

117- 


.. 

.. 



87-6 

101*3 

82-9 

23 

2768 

11052 

118-3 


•• 

•• 



84-2 

100-7 

79-4 

t224 

2046 

10584 

119*5 

109-5 

101*7 

99-5 

99* 

96*5 

94- 

81* 

100 1 

76* 

22 

2529 

10116 

111*4 







779 

95* 

72*6 

214 

2412 

9&18 

103*5 







74-9 

901 

69-4 

21 

2304 

9216 

93*8 







72- 

85-3 

66-2 

204 

2196 

8784 

88*3 





.. | .. 

69*2 

80-6 

631 

f20 

2088 

8.352 

81* 

78*5 

78*2 

78- 

77- 

75-5 

74*2 

66-5 

761 

GO- 

1»4 

1980 

7920 

76*7 






62 1 

71*3 

57*1 

19 

1881 

7524 

72*6 







57-9 

60*6 

54*2 

184 

1782 

7128 

68*6 







53-8 

62*1 

51*4 

18 

1092 

G7G8 

64*7 







49-8 

57*7 

48-6 

tl74 

1597 

G388 

61* 

59-7 

54-7 

54*5 

52- 

.50- 

49*2 

46* 

53*4 

46* 

17 

1512 

6048 

57*3 







44-9 

51* 

43*4 

16J 

1422 

5688 

53*9 







43*8 

48*7 

40-8 

1G 

1332 

5328 

50-5 







42-8 

46*5 

38*4 

1#* 

1251 

5004 

47*3 






.. 

41*9 

44*3 

30* 

tl5 

1179 

4710 

44-2 

13* 

42-7 

42*5 

42* 

41*7 

44-3 

41- 

42*3 

33*7 

144 

1098 

4392 

41*6 







38-4 

39*9 

31 *5 

u 

IQ’20 

4104 

30 1 







36* 

37*6 

29*4 

134 

954 

3818 

36*7 







33*6 

35*4 

27*3 

13 

882 

3528 

34*4 







81*3 

33-3 

25-3 

tl24 

811) 

3240 

32*2 

32-2 

32* 

32* 

31*2 

31*2 

31- 

29-2 

31*3 

23-4 

12 

7a P l0 

3024 

29*8 







26-6 

28*6 

21 0 

114 

693 

2772 

27-6 







24*2 

26-1 

19-8 

11 

630 

2520 

25*5 







21-8 

23-7 

18-1 

104 

576 

2304 

23*4 


.. 





19-6 

21*4 

16 ‘5 

tio 

522 

2088 

21-5 

21* 

19*7 

17-7 

17-7 



17'5 

19*2 

15* 

»S 

468 

1872 

10* 







1.V7 

171 

13*5 

9 

432 

1728 

16-7 







14* 

15-2 

12*1 

84 

3J.KJ 

1584 

14*6 







12*4 

13-4 

10-8 

8 

315 

1260 

12-6 







10-9 

11*7 

96 

+7i 

288 

1152 

107 

10-5 

10-5 

10-3 

10*3 

10*3 

10* 

9-5 

10-2 

8*4 

7 

252 

1008 

9*3 







8-2 

8-8 

7*5 

GJ 

216 

m 

8 1 







7- 

7*8 

6-3 

0 

189 

756 

7* 







5*8 

6*3 

5*4 

5} 

162 

648 

5 9 







4-8 

5*3 

4*5 

t5 

135 

540 

5* 

49 

4-6 

4*2 

4 

4* 

4- 

3*9 

4 3 

3-7 


108 

432 

4* 





3*1 

3*4 

3* 

4 

90 

360 

3-2 



.. | .. 


2*5 

2*7 

2*4 

34 

G9 

27C 

2*4 



.. i .. 


1*9 

2*1 

1*8 

3 

54 

216 

1*8 


• 



1*4 

1*5 

1*3 


The lines marked (f) contain the results given by experiments, anil the intermediate linos those 

found by calculation. 
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Table II— For Ascertainin'!} the Strength or Chain Cable. 


Six**, 

Testing i 
.Strain, 
in Tons. 

Weight, 1 


Breaking Strain, in Tons, 


Mean. 

Calcu- 
lated (rum 

• wrakert. 

100 4atbuma.j 

Maximum. 


Intermediate Strains. 


Minimum. : 

in. 

21 

91} 

At 

27216 

130*3 ; 





121-8 | 

125-9 

107 '4 

2 k 

811 

24276 

116-2 j 

.. 



.. 

108-6 

112-3 

95-8 

+2 

72 

21504 

103' 

102-5 

101- 

97 5 

97- 

96-25 ! 

99-5 


til 

63} 

18000 

00* 

07-75 

03-5 

90' 

89' 

88* 

92-8 

„ 

til 

551 

16464 

85-25 

81-5 

80-5 

67' 

05-5 

65* 

741 

65* 

1» 

47} 

14106 

75- 





53-5 

66-5 

56* 

tl* ' 
If 

«} 

12006 

65-5 

65-5 

53-25 

57'75 

55' 

54-5 

59*5 


34 

10164 

53-6 




( 

44-4 

48-5 

40' 1 

U 

28} 

8400 

42*8 





35-3 

38-5 

331 

til 

22} 

6804 

33- 

31-75 

29' 

29* 

27-5 

27- 

29-5 

26' 

tl 

18 

5376 

27-25 

26- 

24-75 

23- 

22-75 

22- 

24-3 

21-2 

t i 

13} 

4116 

22-5 

21-5 

211 

20-7 

20*5 i 

20-3 

211 

16-2 

t 1 

10} 

3024 

15* 

14 25 

14* 

12*75 

12 62 

12-5 

13-5 

11-9 

a 

8} 

2541 

12*3 





10-8 

11*4 

10' 

1 1 

7 

2100 

9-87 

9-75 

9-5 

9-5 

9-5 

3-37 

9*5 

8'2 

* 

5} 

1701 ! 









l 

4} 

1344 i 

6-3 

" 


•• 


5-9 

6- 

5*3 


The lines marked (f) contain tho results of experiments, and the intermediate lines those derived 

from calculation. 


Table III.— For Ascertaining the Strength or Hawser-laid Rope. 


Sisr. 

No. of Yarn*. 

Weight, 


Strain, in Tons. 



100 fathoms. 

Maximum. 

Intermediate Strains. 

Minimum. 


in. 

tl2 

1173 

lbs. 

2940 

45-5 

40-5 

89- 

35' 

40* 

11} 

1077 

„ 

41-7 



32- 

86*7 

11 

987 

.. 

38 2 



20-3 

33*6 

10} 

900 


34-9 



26-7 

30-7 

10 

816 

2136 

31*7 



24-2 

27-9 

»} 

738 


28-6 



21-8 

25*2 

9 

660 

1712 

25*7 



19-6 

22-6 

8} 

501 


23- 



17*5 

20-2 

8 

522 

1379 

20-4 



15-5 

18- 

-} 

459 


18- 



13-6 

15*8 

7 

300 


15-8 



11*8 

13-8 


345 

„ 

13-7 



10-2 

12- 

t<; 

294 

834 

Hi 

1*0} 

10- 

8-7 

10*3 

6} 

240 

712 

9-8 


7'3 

8-7 

5 

204 


8-2 


7- 

6- 

72 


168 

ii3 

6-7 


5' 

5- 

5-9 

kb 

132 

„ 

5-3 



4- 

4*7 

■s 

102 


41 



3-2 

3-7 


75 

203 

31 


2-5 

2-4 

2-8 

KB 

54 

„ 

2-2 



1-8 

21 

2 

83 


1*5 


1-7 

1*3 

14 

tu 

27 


1*28 

1 ‘28 

1-23 

1-13 

1 23 

tij 

21 

,, 

•90 

-89 

•88 

•86 

•88 

tu 

15 

„ 

•60 

•56 

•55 

•53 

•56 

ti 

12 

,, 

•58 

•51 

•49 

•46 

•51 

t 3 

9 


•51 

•46 

•46 

•2 

*46 

t } 

6 

•• 

•28 

•28 

•28 

■28 

•28 


The lines marked (t) contain the results of experiments, and the intermediate lines those derived 

from calculation. 
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Wright. 100 
FsllMtaw. 


Strain, In Tuns. 


Mean. 

Tasting 


Maximum. 

IntenaediaU! Strains. 

Minimum, 

Strength. 

in. 

ti» 

!b«. 

15369 

75* 

74*7 

74-3 

G8* 

73* 

31 -C 

4 

.. 

04* 



58*2 

02*3 

27* 

»A 

.. 

59* 



53*8 

57*4 

21 -7 

4 

„ 

54*2 



49*6 

52*8 

22*0 

>A 


49*7 



45 5 

48*4 

20*6 

it 


45*3 



41*7 

441 

18*8 

»A 

.. 

41 2 



38* 

40*1 

17* 

4 

7481 

37*3 



34*5 

30*3 

15 3 

1* 


33*6 



31*2 

32*7 

13*6 

1 

6490 

30*1 



28*1 

29*3 

12* 

+1 

5600 

26*8 



25 2 

26*1 

10*5 

i 

4500 

23*7 



22*5 

23*1 

9*1 

tu 

4000 

20*9 

20*3 


20* 

20*4 

7*9 

t 

3449 

17-8 



10*6 

17*3 

0*8 

4 

2 ‘too 

14-9 



13*5 

14*6 

5*6 

i 

2538 

12 3 



10*8 

12- 

4*6 

A 

2001 

10* 



8*7 

9*7 

3*8 

i 

1583 

7-9 

.. 


0*9 

7*7 

3* 


1060 

6- 



5*2 

5*9 

2*3 

) 

827 

4-4 



3*8 

4-3 

1*6 

A 

581 

3- 

• • 


2*7 

3* 

1*1 

i 

392 

1*9 



1*7 

1*9 

•75 

A 

•• 

1*1 



•97 

i- 

*42 


The liues marked (f) contain the results of experiments, and the intermediate lines those derived 

from calculation. 


Experiment s and Calculations , mads fry Nicholas Tinmouth , to Determine the Curvature of Chain 
Cables . — Given the length of a chain cable, the vertical distance between its extremities, the 
tension on the upper end, and its weight 100 fathoms ; to find the angle between the upper part 
of the cable And a vertical line, and that between the lower port of the cablo and a horizontal line. 
Suppose the length of chain cable 100 fathoms; vertical distance between its extremities 11 
fathoms ; strain on the upper end 40} tons ; size of cable 1} in., whose weight the 100 fathoms is 
108 cwt. or 5*4 tons. Since 100 fathoms weigh 5*4 tons, 750 fathoms will weigh 40} tons; or 
750 fathoms attached to the upper end and hanging freely, will have the same effect as the strain 
of 40} tons. Take any vertical line A Q, Fig. 1830, equal to 100 fathoms ; from A as a centre, 
and with a radius equal to 750 fathoms describe the arc a 6. From Q as a centre, and with a 
radius equal to 750 minus 11 or 739 fathoms, 11 fathoms being the vertical distance between the 



extremities, describe an are c d intersecting the arc a b in some point P. Join P A, P Q. On P A 
describe a semicircle. The point Q will in this case be found to lie within the semicircle. 
Produce A Q to cut the semicircle in R. Join P R. From P as a centre with the radii P Q, P R, 
describe the arcs Q x, Q y, intersecting A P in x and y. Then P A Q is the angle which the upper 
part of the cablo will make with a vertical line; as P A x = T9 3 52', Fig. 1831, and QPK the 
angle which the lower port of the cable makes with a horizontal line, as L Q x, Fig. 1831, = 2° 28'. 
A x, Figs. 1830, 1831, is the vertical distance between the extremities of the cable. As the length 
A Q, Fig. 1830, of tho cable is increased, the point Q approaches the point R, and the angle Q P R 
which the lower part makes with a horizontal line, diminishes. When the point Q coincides with 
R or A Q is equal to A R, the angle Q P R vanishes, and a horizontal line forms a tangent to the 
cable at its lowest part. Thus, in Fig. 1831, A Q R is the cable represented by A R, Fig. 1830, 
— 131*89 fathoms, and is a semi-catenary, the horizontal lino Ry, Fig. 1831, being a tangent to 
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Table V.— Resti.ts op Calculations on toe Catenaet Ccbte op a Chain Cable, 


Testing Strain, 40j Totu on the Cable. 


Length of Cable, 100 Fathoms. 


Depth. 


Sea pended in 
Air. 


Correction for 
the Huojancy 
of Water. 


Suspend'd In 
Air. 


Correction for 
the Duojancj 
of Water. 


Anglo between the upper end of the cable and a) 79*52' I6"*GG i 80°2r26”-55 


vertical line .. .. "I / 

Horizontal pull on the ship and anchor ! 

Vertical force to depress the bow • 

Anglo between lower end of cable and n horizontal) 2° 28' 25"*09 

Vertical force to lift the anchor 1 

Length of serai-catenary, of which the 100 fathoms) 131.005 foths 

The forces cm the bow, and horizontal force on anchor 

Depth of the Bemi-cntenary, of which length 100^ 11*68 faths 

fathoms is a segment f 

Lower part hangs horizontally, hence force to lift) 

anchor J j 

Length of semi-catenary at the depth specified in the) 
respective columns, or the greatest length of cable ! 
that can be employed, so that no part of it shall I 

lie on the ground V 

Angle between the upper end of this semi -catenary) cry in' 29" *88 

and a vertical line / 

Horizontal pull on ship and anchor .. 

Vertical force to depress the bow 

Lower part hongs horizontally, hence forco to lift the) 
anchor .. .. .. ../! 


127 98 faths. 


39-927 tons 
6-78 tons 

2° 57' 59* -87 
2*007 tons 
143 -88 faths. 

as above 
12 130 faths. 


137*03 faths. 

80*49' 15"*3 

39*98 tons 
6*46 tons ! 

0 


82° 9' 50" I 82° 38' 28" -3 
40 160 tons 
5*187 tons 


0° 10' 26''- 15 
102*16 faths. 
7*0034 faths. 

102 -23 faths. 
82*9' 56*' *94 


0*39' 19" *07 
0*459 ton 
109*71 faths. 

as above 
7*055 faths. 

0 

109-29 faths. 

82*40' 12" *38 

40 - 1088 tons 
5*167 tons 


it at its lowest point It; the vertical distance between its extremities being DR or Ay s 11*68 
fathoms, which corresponds with Ay, Fig. 1830, measured on its proper scale. A Q, Figs. 1830, 
1831, is a segment of the semi-catenary A R. Hence a diagram being constructed ns above, if the 
point Q, Fig. 1830, should be found to lie within tho semicircle, the cable forms a segment of a 
semi-catenary, and its lower part makes an angle with a horizontal line ; if the poini A O, Fig. 
1831, lie in the circumference of the semicircle, the cable forms a complete semi-catenary, to tho 
lowest point of which a horizontal line forms a tangent. If tho point Q be found to lie without the 
semicircle os a, Fig. 1830, the length A R will form a semi-catenaTv ; and the remaining portion 
R 7, which is beyond tho semicircle will rest on the ground, as R 7, Vig. 1831. 

mi. 



If it be ronuired to ascertain what length of chain cable will form a complete semi-catenary, at 
the proposed depth A x, or 11 fathoms; let the arc x Q, Fig. 1830, lie continued nntil it intersects 
the semicircle in some point 8 ; join A 8, P 8, then A S is the length required ; which is the 
greatest length of cable that can Iks employed with a depth of 11 fathoms, so that no part of it 
shall rest on the ground, as AnS, Fig. 1831. The angle P AQ, Fig. 1830, or P A x, Fig. 1831, 
which the upper part of the cable makes with a vertical line, may bo found from the following 

expression; cos. PAQ = ^ A f° r PA, 750 fathoms; for 

P Q, 739 fathoms ; and for A Q, 100 fathoms : 


cos. 


v o = (750)3 + (]00)t ~ ( ^°* 

' W 2 + 750 X 100 


= 0-17586 to rod. 1. 


And from a table of cosines we have angle P A Q, or P A x, Fig. 1831, = 79* 52' 16" -66. 

The angle Q I* R, Fig. 1830, or L Q r, Fig. 1831, which the lower part of tho cable makes with 
a horizontal line, may be found from the following expression : 


sin. Q P R 


(P A)* — (P Q) 2 — (A Q)* 
2 x A Q x P Q 
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lftO Fathoms in Lexoto and 1}-in. in Diameter, fndkh given Strains and Depths of Water. 


Minimum Breaking Strain. 5-4 { Ton* on the Cubic. 

Mean Broking Strain, 51*1 Ton* on the Cable. 

Depth. 

lV?pth. 

11 Fathom*. 

T Fathom*. 

11 Fathom*. 

1 Fathom*. 

Su*i*ti<Vil In 
Air. 

Correction for 
the Hix.yancj 
of Water. 

Suspended in 
Air. 

tJnrrrctlon for 
the Buoyancy 
of Watrr. 

Susprmlcd In 
Air. 

Corm tkm for 
tin? Buoyancy 
of Water. 

Su*]x>niicd in 
Air. 

Correction for 
the Buoyancy 
Of W*I*T. 

80° 51' 10" *28 

sr 12' 45"- 12 

83° 8' 54"* 17 

83° 29' 9" *55 

81° 5' 35" *25 

8r25' 1S”-81 

83°23'14"-61 

83°42'25"-46 


53*80 tong 
8 *320 tons 


54 *148 tons 
6*17 tons 


58*834 tons 
8*876 tons 


59* 14 b »ns 
6*52 tons 

3° 28* 10" *54 

IT 49' 52” *29 

1° 9' 59"* 26 

1° 31' 54"* 18 

3T 42' 38"- 55 

4°2'27"-78 

1°24'25"*45 

1® 43’ 43"- 19 


3*G tons 


1*448 ton 


4*156 tons 


1 *784 ton 

100-41 faths. 

176*43 faths. 

120 -403 rath*. 

130*32 faths 

170*598 faths. 

188*06 faths. 

126-88 fall>». 

137-67 fath*. 


as aliovo 


as above 


ns abovo 

.. 

as als>ve 

12 *83 faths. 

13*55 faths. 

7-207 fatha. 

7*43 faths. 

13*286 faths. 

14*100 faths. 

7*33 faths. 

7*568 faths. 


0 


0 


0 

•• 

0 

148-6 fuths. 

159*018 faths. 

118*56 faths. 

126*74 faths. 

155*35 faths. 

166*16 faths. 

124-00 fath*. 

132-42 fath*. 

«r32'0" 

82° 5' 9" *08 

83 r 14'52'**96 

83 s 40' 41"* 5 

81°58’4r-5 

82 r, 25'32 M -74 

83® 32' ir- 14 

83°56"2"-35 


53*981 tons 
7*5 tons 


51*168 tons 
6*00 tons 


58*98 tons 
7 *842 tons 

•* 

59-160 ton* 
6*27 tons 


0 

„ 

0 


0 


0 


Substituting, as before, the proper valuer of I* A, PQ, and A Q, 
(7 WY - (739)* - (100)* 

2 X 100 x 739 

Ami from n table of sine* we have angle 0 ^q ^ = 2* 28' 25" -09. 


sin. QPB = 


0*043159 to rad. 1. 


The greatest length of cable that can be employed with n depth of 11 fathoms so that no part 
of it may rest on the ground is A S, which is equal to V(A 1*)* — (1* 8)*. Substituting for A P 
and PB their values or } = V(730j* - (739)* = 127-9 fathom*. 

The angle P A S, which this length of cable makes with a vertical lino mAy be found from the 
P S 

expression sin. PAS = j> ^ ow P S = P Q = 739 fathoms, and P A = 750 fathoms. Hence, 
739 

by substitution, sin. PAS = — = 0*9853 to radius 1; and from a table of sines wo have 


angle PAS. Fig. 1830 1 = 80® 10" 29-88. 
or angle P A jr, Fig. 1831 / 

The position which a chain cable would assume under any given circumstances may also lx» 
obtained experimentally, by the suspension of a small chain of any convenient length. 

Let it be required to Hud by experiment on a chain of an in. in diameter and 25 ft. long, the 
ition which a l}-in. chain cable would take, whose length is 100 fathoms, vertical distance 
>ftween the extremities 11 fathoms, and strain on the upper end 40} tons : 


a. 


The weight of 100 futhoms of l}-in. chain cablo is 108 cwt. 

„ „ -ft-in. », 15 cwt. 0 qr. 21 lba. 

The proportionate strain to be applied to the -flj-in. chain may be found from the following 
expression : 

Weight of chain the 100 fathoms length of chain 
~~ Weight of cable the 100 fathoms X length of cable * s * ra,n 
cwt qr. It*. ft tons. cwt. qn*. lbs. 

15 0 21 25 

= (by substitution) — — — — x -—-r x 40} = 4 2 27*552. 

108 MH) 


The length of the experimental chain being the length of the cablo, the vertical distance 
between the extremities of the chain should be taken ^ of 11 fathoms, nr 2 ft. 9 in. 

The curve formed by the cable suspended under these circumstances was similar to that derived 
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from calculation for a l$-in. chain cable of 100 fathoms on a ^ scale. Tho deflection at tho middle 
of the length from a straight lino joining tho extremities of tho chain measured 5 in. This 
deflection, multiplied by 24, gives tho deflection on tho full scale 10 ft., agreeing with the result 
of calculation. 

Let one end of a chain cable be made fast, and a given strain act on tho other end ; both extre- 
mities being in tho same horizontal line, to find by construction the depth of the lowest part of 
the chain : let the size of the cablo bo 1 $ in., length 100 fathoms, strain 40$ tons. Take a vertical 
lino A R, Fig. 1830, equal to one-half tho length of the cable, or 50 fathoms: from tt draw tho 
line R P at right angles to A R ; from A as a centre, with a radius equal to 750 fathoms, or the 
number of fathoms of a l$-in. chain cable due to 404 tons strain, deacribo an arc a b cutting R P 
in I*; join P A ; from P as a centre, with a radius 1* R describe tho arc Ry cutting A P in y. 
A y is the required depth of the lowest part of the chain. 

The same may also be found from tho expression 

Depth of lowest point of cable = T — sfT 3 — x* ; 

whero T is equal to P A, the tension at A in fathomB of chain, or 750 fathoms ; and s is equal to 
A R tho half-length of cable, or 50 fathoms. Hence, by substitution. 

Depth of lowost point of cable = 750 — V (750)* — (50)*, 

= 750 - 748-331 = 1-668 fath. 

6 


10-008 ft. 

The deflection of a cable from a horizontal line may also bo found experimentally, by the sus- 
pension of a small chain of any assumed length. 

Let the size of tho experimental chain be -fo, length 25 ft., weight the 100 fathoms, 15 ewt. 0 qr. 
21 lbs. 

The proportionate weight to be attached 

_ Weight of chain the 100 fathoms length of chain x g ^ ra j n 

— Weight of cable the 100 fathoms length of cable 

cwt. qr. lbi. ft. tons. cwt. qr*. It». 

15 0 *>1 25 

= (by substitution) ■ " x x 40| = 4 2 27*552. 

lOo ul/U 

The length of tho chain in this experiment being A the length of the chain cable, the curve 
observed is tho curve on a ^ scale, which the cable will form. 

The deflection was found to lie 4$4, which being multiplied by 24 gives the deflection, or 
depth of the lowest poiut of the cable of 100 fathoms with 40$ tons strain, equal to 0 ft. 10$ in. 
Let the same be tried with 12$ ft. of 4-in. chain, weighing 7 '96 cwt. to the 100 fathoms. 

Proportionate weight to bo attached 

_ Weight of chain the 100 fathomB lengt h of chain . 

— Weight of cable the 100 fathoms X length of cable X * min 

ft. tons cwt. qr. lb*. tw. 

7*96 124 

= (by substitution) x <joO x = 1 0 27 4 7 * 

The length of chain in this experiment being ^ of tho length of cable, the curvo observed is 
that on a A scale, which the cable will form. The deflection was found to be 2^ of an in., which 
multi plied by 48 is 9 ft. 3 in., the depth of the lowest point of the cable. 

Let tho size of the cable be as before 1$ in., and the strain 40$ tons, hut the length 12$ 
fathoms. Take a vertical line A R, Fig. 1831, equal to one-half tho length of the cable, or 6$ 
fathoms; from R draw the line R P at right angles to A R ; from A with the radius 750 fathoms, 
being the number of fathoms of a l$-in. chain cablo due to a strain of 40$ tons, describe an arc a b 
cutting R P in P ; join P A ; from P with tho radius P R describe tho arc R y cutting A P in y. 
A y is tho required depth of the lowest point of the chain. 

The same may also be found from the expression 

Depth of lowest point of cablo = T — VT* — ** ; 

where T is canal to T A, the tension of A in fathoms of chain, or 750 fathoms ; and s = A R, the 
half-length of the cable, or 6*25 fathoms. Hence, by substitution, 

Depth of lowest point of cable = 750 — */ (750)* — (6 ; 25)* 

= 750 - 719*974 = 0 026 fath. 

6 

0156 ft. 

12 

1-872 in. 

= 1$ in. noarly. 

Tho deflection may also ho found by experiment. Suppose a length of 25 ft. of ^ chain, 
weighing 1 5 cwt. Oqr. 21 lbs. to the 100 fathoms, be taken for the experiment. 

>5 on; 1870 
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Then the proportionate weight to be attached in 

_ Weight of chain the 100 fathoms length of chain 
Weight of cable the 100 fathoms X length of ooblo * ' 

c«t qr. lbs. ft. Uma. too. cwL qrs. Uw. 

= (by substitution) *** ~ x x = 1 17 3 24$. 

The length of tho chain In this experiment being $ the length of the chain cable, tho curve 
observed is that which the cable will form on a scale of $. 

The deflection was found to be of an in., which, multiplied by 3, is equal to 2^ in. On the 

addition of $ owt. to tho above weight, tho deflection was 4 of an in., which, multiplied by 3 = 1*, 

agreeing with tho calculation. As the nip on the roller where the weight was attached was consi- 
derable, it is probable that the chain was not sufficiently free. 

The experiment was also tried with a f-in. chain, weighing 7’9G cwt. the 100 fathoms, and 
12$ ft. long. 

Tho proportionate weight to bo attached 

_ Weight of chain tho 100 fathoms ^ length of chain ^ 

— Weight of cable the 100 fathoms length of cable 

H. tons. ton. cwt qrs. lb*. 

7*90 124 

= (by substitution) x ^ X 40$ = 0497G6 =9 3 22 32 

The length of the chain in this experiment being £ of the length of the cable, tho curve observed 
is that, on a scale of $, which tho cable will form. 

The deflection was found to be -^j, which, multiplied by 6, is equal to = 1 $ in., which agrees 

with tho calculation. 

The weight attached was 1$ lb. more than should have been employed. 

Where the result of the experiment does not exactly agree with that of calculation, it is owing 
to on imperfection in the experiment. See Anchor. Founding, Casting, and Forging. Materials 
of Construction, Strength of. Kopk-making Machinery. 

CAGE, SAFETY. Fr., Cuff at des mines de houitte ; Ger., Kubel y Fahrstuhl ; Ital., Gabbia di 
sicuretta. 

The safety-cogo of J. P. Harper with conducting ropes of iron wire is represented and tho 
mechanical arrangements illustrated in Figs. 1832 to 1835. Fig. 1832 is of this cage in working 
order; Fig. 1833, sectional elevation of compressors when not in action; Fig. 1834, sectional 
elevation of the compressors when first brought into action; and Fig. 1835, elevation of com- 
pressors when in extreme action, showing the conducting iron-wire rope in a compressed state. 

1831 



Harper’s safety-cage differs both in principle and detail from any that have preceded it, and 
certainly stands alone in this resj^t, that it ia specially designed, constructed, and adapted for 
the ordinary wire-rope conductors. ^ 
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Safety-cages have hitherto been brought out more particularly for adaptation to the wooden 
guides, but, ns these are becoming superseded by the iron-wire ones on account of their durability 
and cheapness — if safety-cages are to bo uuivorsally adopted, they must be made applicable to 
wire-rope conductors. 

Safety-cages can lw» used to greater advantage in connection with the iron-wire than with 
the wooden guides, for, with the wooden ones, sharp-pointed or toothed instruments are usually 
brought to clutch or dig into the conductor; and if it so happens that the length of guido-reds on 
which the apparatus is brought to play be rotten, unsound, infirmly fixed, or iu any way defective, 
the safety apparatus is of no avail; iudeed sometimes, Imj the rods ever so sound and in good 
repair, we hear of accidents occurring, owing to the guide-rods being split and ripped down by 
the apparatus brought to bear on them. 

Accidents of this description are less liable to occur with the iron-wire guides. It has l>een 
found that it would not do to employ an instrument with a sharp point, a toothed or uneven 
surface, to bear on the conductors, for, as the circumference of a wire rope is uneven, they would 
cut and injure the more prominent parts. 

This safety-cage acts effectually without damaging or depreciating in the least tho wire con- 
ductors, of whatever description they may be. The apparatus is extremely simple, substantial, 
inexpensive in its construction, is not easily deranged, and can be applied to cages and hoisis, of 
whatever description or size, w hether conducted at the ends, corners, or sides, and carrying any 
weight. The principle by which the apparatus, on tho severance of tho winding-rope from the 
cage, is brought to bear on the conductors is by compression ; and its operation is (of its own 
accord) to bring the cage to an immediate stand by means of catches or compressors, which fasten 
on, encircle, anti compress not only the aides but the irAohr circumference of the conductor. When the 
winding-rope is readjusted by the tension of the rope, the compressors at the* same instant release 
their grasp of the conductors, and the whole is again in working order. 

Tho general features of the cage will be readily seen on examining Fig. 1832. Tho catches, 
or more profierly the compressors, are of peculiar shape : Figs. 1833 to 1835 show their positions 
when nut of play and held from the guides by the tension of the rope, tho position they assume 
when first brought into play, and the iron-wire guide in extreme compression. This will, of course, 
vary in proportion to the weight on the cage at the time they are brought into requisition. 

Fig. 1832 is a design for double cages in a 13-ft. shaft, fitted with wire-rope conductors, each 
cage having two, three, or four guides as may be required, and single or double tiered to carry 
either two or four wagons. 

The cage, Fig. 1832, though conducted by four guides, the apparatus is brought to l>ear on two 
only, that is, across the corners. The compressors. A, Fig. 1835, made of malleable iron and 
case-hardened, are of jteculinr construction, made in a fork-like shape, and of any pro|>ortionnte 
devotional depth : see Fig. 1834. They work on each sido of tho conductors on axles B attached 
to the cage, and when not in play are held by the tension of the winding-rope at an acute angle ; 
and, when brought into play, slide into each other, and encircle the conductor, assuming a nearly 
horizontal position, and forming, both in plan nnd elevation, a circular hole the full depth of tho 
compressors, but less in diameter than tho conductor, so that ns the angle is made to increase in 
proportion to the weight on the cage, so will the compression also increase on tho conductors. 

The compressors A are constructed with lever cuds, and when the cage hangs freely on tho 
winding-rope they ore held awny from the conductors by sido rods D, attached on each side of 
the cage to main vertical and shouldered rods E working through guide-boxes F, in which are 
inserted spiral springs (merely to give impetus to the compressors) bearing on tho insido shoulders 
of the main vertical rods K, which are connected on each side of the cage by a cross-bar G, 
working over the top or cover of the cage II, and attached to the winding-rope. To prevent tho 
compressors A wrenching apart, they an* connected bv a front tie-plate C. Iv represents ordinary 
cast-iron gnide-boxes through which the conductors slide. 

It will be seen that when the cage hangs freely on tho rope the shoulders on the main vertical 
rods E are brought up by means of the cross-bar ft to the under-sides of the guide-boxes F, and 
the compressors, now being held away from the conductors, are allowed to pass freely between tho 
forks of the catches: but immediately on the rope becoming disconnected from the cross-bar G 
the concealed spiral springs, hitherto held in subjection, are released, givo impetus to and assist 
in bringing the compressors A into instantaneous play, which, then sliding into one another, so 
close round ami compress the conductor into a circular hole, less in diameter than the conductor 
itself, through which it is impossible for it to pass ; hence tho cage is brought to an immediato 
stand. 

In the arrangements by which the compressors are connected to tho winding-rope, it will be 
perceived that both sets must work simultaneously on tho guides, and are such as cannot be easily 
deranged. 

CAISSON. Fr„ Caisson; Ger., Versenkkasten ; Jtai,., Cassonc a cilindro ; Span., Co/ott. 

Floating bodies, constructed of sheet iron, designed to open or close the entrance® of a docks or 
basins, are termed caissons. 

Tho engravings, Figs. 1830, 1837, represent one of the caissons for closing dock or basin 
entrances at Haulbowline Navy Yard, Cork, constructed by A. Clarke. It is one of tho class 
termed sliding caissons, and is drawn into a recess formed for its reception at right angles to the 
entrance of the dock or basin, when the entrance is opened to allow ships to pass in or out. Such 
caissons are also used as roadways for tho traffic, usually very heavy, passing across the entrance 
of the dock or basin. 

The object sought is to preserve the roadway or deck of tho caisson level with the wharf on 
one side of the entrance ana with the cover of the recess on the other side when the caisson is in 
its place nnd being used ns a roadway ; likewise to keep the sides of the entrance level and free 
from obstruction when the caisson is drawn into its recess, and the opemtion of taking ships into 
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or out of the dock or basin is in progress. These objects have hitherto been accomplished by 
making the deck of the caisson capable of being lowered, when it is necessary to draw the caisson 
into and under the cover of the recess, or by lowering the caisson bodily by sinking it to a 
sufficient depth to a<lmit of its passing below the cover. 

In the present instance a third method has been adopted, that of raising and lowering a pnrt 
of the cover of the recess sufficiently to allow the caisson to pass down a series of slopes at the 
bottom of the recess and entrance; these slopes being so adjusted that when the caisson is drawn 
completely into its recess it has become lowered to a very small extent, and at the same time so 
thrown out of the level as to tit under the cover, which for this purjNtso is form<«d with a slight 
inclination towards the entrance. The jwirt of the cover which was raised to allow the caisson to 
pass is then lowered, and the wharf is clear for docking operations. 

The flotation of the caisson is so adjusted that the ]>ortion of its weight borne by the masonry 
of the entrance is small, being only sufficient to koep the caisson sternly when moving. The 
power, therefore, required to force it up the sloj»es on which it slides is but trifling, and means 
are provided by which it can be made to float completely if necessary. 

The machinery for lifting the cover of the recess, and that for moving the caisson, will l>e 
worked by a small steam-engine. A pair of endless chains on either sido of the upper part of tho 
recess supply the moving power for the caisson. 

Referring to tho drawing. A is tho caisson in its place across the entrance, B is the recess into 
which it is drawu, C is the cover of the recess, and I) tho portion of the cover which is raised, as 



shown by the dotted line, to allow the caisson to pass into the recess : EEK 
are the slopes on which the caisson slides, and the dotted line K shows 
the position of the caisson when drawn into the recess, after which the 
cover I) is IowchmI into its former position. G G are the endless chains 
which are attached to the swivelling cross-head II connected to the 
caisson. I, I, I, are rubbing-pieces: K is a trap for mud ; and h the skids 
On which tho caisson slides, which are so formed ns to clear the sliding 
ways E of any mud which may have accumulated. 

The caisson can be used ns an ordinary floating caisson when discon- 
nected from the cross-head H ; and by tom|>ornrily placing one of these 
caisson* ou oithor side of the basin entrance, and pumping the water out 
from l>etween them, access to tho caisson recess can be obtained for cleaning 
and repairs. 

Many cheat-like vessels, in both civil and military engineering, are 
termed caissrms. In military engineering a chest that contains ammu- 
nition, and also the wagon or tnmhril which conveys military stores, is 
railed a caisson. A chest filled with explosive materials to he laid in the 
way of an enemy, as under some work at the possession of which he is 
aiming, and to be fired when the enemy is exposed to its effect : a wooden box or frame of strong 
timbers, used for laying the foundations of a bridge in situations where the coffer-dam cannot be 
employed ; and other structures, receive the appellation caisson. 

8eo Bridge. Docks. Fortification. Locks. Ordnance. 

CALENDER. Fr., Culandre; Geu., Calender; It A I,., Sopressa ; 8pan., Calandria. 

('^lender, Fite-nMer, by Thomson Brothers and Co., of /hinder. — The arrangement of this calender 
is illustrated in Fig. 1838. It may he modified to finish either linen or cotton goods. This 
machine may be employed to effect : -Plain calenderin'/, by passing the cloth through the rollers ; 
Chesting, or rolling cloth on the top roller under heavy pressure, either without or after passing it 
through the other rollers; and Mangling, or rolling the cloth on the second roller from the top; to 
effect this object, the end of the piece being sewed to the body of the cloth, the calender is kept 
revolving under heavy pressure backwards and forwards. A drag or slip is made In-tween the 
centre driving-roller and tho lower enst-iron roller when the machine is employed for U lazing ; tho 
centre driving-roller may bo heated either by steam or by hot l>olta. the latter being necessary for 
high glaze. The top and bottom rollers A E, Fig. 1838, ore of cast iron, 20 in. in diameter, with 
wmught-iron journals to sustain the pressure to which they may In* subjected. The centre roller 
C, 11 in. diameter, is made hollow, and fitted at the ends with stuffing-boxea for the admission 
of steam. The two paper rollers, B D, 24 in. diameter with 54 iu. width of pa|ter, have wrougbt- 
iron journals and cud-plates. The two upper rollers have Hiuall pivots sot into the ends of tho 
journals for the purpose of suspending them by rods from tnp-blocks while the cloth is being drawn 
off by the stripping motion, after the operotion of cheating or mangling. The machine. Fig. 183S, 
is driven by n shaft connected by a wheel and pinion to the centre roller. This shaft carries two 
pulleys 1 1,’ for open and for cross belts, each pulley beiug 34 in. diameter, ami the belts 8 in. bread ; 
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a double) friction clutch in placed between the pulleys, for the purposes of starting, reversing, or 
stopping the machine — the handle A being retained in n central jMwition by ft spring catch. The 
calender does not reqnire to be attached to side walls; n foundation capable to carry its weight is 
sufficient. The crune motion for lifting the levers and top rollers is fixed to the frame, and the 
top roller* are held in position, when suspended, by a friction strap which also serves to lower the 
rollers. The blocks for the journals of the rollers are not attached to the framing, the brasses 
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being set forward by side screws when they wear in tho blocks, thus keeping the rollers in the 
centre ; the upper part of the block being made hollow, so that the journal may be lubricated. 
Pressure is applied by weights suspended by the chain at /, which is coiled on the screw pulley, 
aud is equal to about 22 tons, which includes the weight of the rollers. By reversing the chain 
ou the screw pulley, the weights, when a light pressure is required, may be made to counterbalance 
the weight of the levers and top rollers. 

Calender trith Fit# Holler a ; designed and constructed by A. More. — Fig. 1830 is an end view; 
Fig. 1810. a side elevation. The same letter* of reference denote the same parts in each view. 
A, A, A, three cylinders or rollers made of (taper, the construction of which will be noticed after- 
ward*. B B, two cast-iron cylinders, mode hollow to allow of the introduction of hot bolts within 
them; or of steam when it is required. CC, the two aide frames into which are fitted the several 
brass bushes for tho cylinders to turn upon. I) D, top guides into which the cross-head G and 
elevating screw* II H work. E E, top-pressure levers connected by a strong rod of iron with the 
under-pressure lever F. This system of levers is connected with the cross-head G by two strong 
links of iron. The elevating screws H H pass through the cross-head, and rest u(x»n a strong 
cast-iron block, into which is fitted the brass bush of the top paper roller. By means of the screws, 
the cross-head and levers can bo raised or depressed as required, and when the calender is working 
warm and requires to l>e stopped, the elevating screws are screwed up for the purjioao of lifting the 
(taper rollers off the hot cylinders, to prevent their being injured by the heat. 

The construction of the (taper rollers or cylinders is as follows ; — Upon each end of n joumnl 
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of malleable iron, of sufficient strength to withstand the necessary pressure without yielding, is 
fastened a strong plate of east iron, of the same diameter as the roller to be made ; the plate is 
secured in its proper place by a ring of iron, cut in two, and let into a groove or check turned in 
the journal. When the roller is finished, the annular pieces are kept in their groove by a hot hoop 
put upon the outside of them and allowed to coni. A plate is fitted on the other end, of exactly 
the same size, ami in the same manner. In building the rollers, one of the plates is taken off the 
journal, but the other is allowed to remain in its plnco. The paper sheets of which the rollers aro 
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to be made have each a circular hole cut in the centre of it, of exactly the same diameter as the 


journal. The sheets are then put upon the journal, and pressed hard against the fixed plate. 
When the journal is filled with paper, it is put into a strong hydraulic press and pressed together, 
always adding more paper to make up the deficiency caused by compression, until the mass will 
press no harder. The half rings are then put in their place, to prevent the plate from being 


pressed bock by the elasticity of the paper. The roller is now to be dried sufficiently in a stove, 
the heat of which causes the ptifwr to contract so as to bo quite loose. The roller is then again 
taken to the press, and the unfixed plate being removed, more paper is added, and the whole 
again compressed until the roller is hard enough for the purpose to which it is to be npidicd. It 
is next turned truly in a lathe till it acquires a very smooth surface. The woodcut. Fig. 1941, 
shows the manner in which the calender is geared to make it a glazing calender. In this cut, 
a marks the top cylinder of the calender, upon which is keyed a 

spur-wheel 6 ; and c is the under cylinder, upon which is also 1MI * h 1MX 

keyed a spur-wheel d. The intermediate or currier wheel e e, sa _ r 

when drawn into gear, reduces the speed of the under cylinder c HIS ' I 

one-fourth. Now, the cylinder a being the one that gives motion ' - »=« . . V--‘ . 

to all the rollers, and revolving always at the same speed, the { tt ff = I n 1- * — 

cloth, in its jtossnge through nil the rollers below the cylinder \ jr 1 BL* 

a, is carried through at a s|>eed one-fourth less than if it passed / j 4G M| I k) 

ouly below the cylinder a ; consequently, when it conus* into \ n U- PJJ ; - 7 , 

contact with «, it is rubbed and thereby gla*cd, in consequence / uj Jg| * ^~T 

of the cylinder a moving one-fourth quicker than the cloth, ns \ H BE 

above stated. The woodcut, Fig. 1812, shows the manner in ) | I \ * } 

which the rollers are lifted clear of each other when the machino \ 0 | fp 

is stopped. In this, e ? are two rods of iron attached to the block 1 " ’ 1 I ipj 

or w-at of the top roller ; b/g , three bridges of malleable iron, “g 

capable of sliding upon the roils e e> but held fast upon tho i 

roils when once they are adjusted to their proper places by pinching-screwa. The bridge 6 is 

placed 4 an in. clear of the bearing of the cylinder n, when all the rollers aro resting upon each 

other ; the bridge / is placed 1 in. below the bearing nf the paper roller A; and the bridge 7 is placed 

14 in. below the bearing of the cylinder c. When the pressure-screws of the calender are lifted, 

the blocks of the top roller being attached to them, the rod* ee are lifted also, and along with 

them the different rollers, ns the bridges successively come into contact with their respective 

bearings. 

The manner of passing the cloth through the calender varies very much according to tho 
amount of finish required upon it. The various methods are accomplished by different arrange- 
ments of the gearing, so that a calender calculated hi do all tho different kinds of finishing becomes 
a very complicated machine, on account of tho quantity of gearing required. For common finishing 
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the method of |Kiasing the cloth through the calender is as follows : — The cloth is passed alternately 
over and under n aeries of rails placed in front of the machine, so as to remove any creases that may 
be in it, and is then introduced between the lower roller A and cylinder B; returns between the 
lower cylinder B and the centre roller A ; passes again between the central A and the upper B, 
nnd again returns between the top |>air A B, where it is wound off oil a small roller (hid in tho 
drawings by tho framing of the machine), pressing against the surface of the top roller A. When 
this small roller is filled with cloth it is removed, ami its place supplied by another, to be in 
succession filled as the motion of the machine progresses. 

Water-Mangle, with Two Copper amt Three Wooden Rollers ; designed ami constructed by A. More. 
—This machine, Figs. 1843, 1844, differs nothing in principle and little in general construction 
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from the five-roll ered calender above described, except in this, that it is intended for wet goods. 
It is drawn on a scale slightly less, but tho views given and the lettering of the jmrta correspond 
to those of the preceding figures. A, A, A, three wooden rollers, and B B the two copper rollers of 
the mangle. These last consist of a copper cover upon a cost-iron body, through which passes a 
WTOUght-iron journal, differing from those of the wooden rollers in being round, whereas these arc 
square between the bearings. The smaller of tho two copper rollers, namely, the third in older, is 
in this arrangement the driver, the mangle Wing driven like the calender, by a system of reversing 
gear not shown in the drawings. 

The pressure in the mangle is brought on- by a system of levers, which differs slightly from 
that descrils-d. In this indeed there ore strictly two distinct pressures: that brought on the axis 
of the middle roller by the lever E, which is comu'cttd by a link with the weighted lever F ; and 
that transmitted through the whole system of rollers by the single-weighted lever I>. The weight 
of this last is regulated by means of a set-acrow which turns in a nut in the jaws of the lever D, 
and bears upon the set-block which rests ujion the journal of the top roller. This pressure is thus 
transmitted downwards from the top roller throughout the whole set, and at the middle roller B 
is added to the pressure obtained by tho lever E. By this arrangement the pressure between 
the three under rollers is greater by the pressure of E than it is between the upper pair ; but for 
very high pressure the lever D may be locked by set-pins, and the set-screws turned down by the 
hand-wheel Q, until tho mjuisite degree of pressure is obtained. 

The manner of passing the cloth through this machine is the same as that already described 
in the calender, with this single exception, that before the cloth enters between the lower roller A 
and the small cylinder B, jets of water from a pipe, perforated with small holes, extending the 
whole width of the mnehino, are allowed to play upon the cloth, ao as to impart to it sufficient 
moisture for causing it to receive the requisite degree of smoothness preparatory to the starching 
process, and ai the same time allow the cylinder B to free it from any impurities that may be 
remaining in it. by forcing them bock with the expressed water. 

Calender. — Mcmxip tkm . — A, two cast-iron frames; BCD, three cylinders. Figs. 1845, 184(J; 
E F G, three cog-wheels ; II I, two force-screw* ; K L, two fly-wheels with handles. The cylinder 
B, which is in cast iron and hollow, is heated by another iron cylinder heated r»d hot. Tho 
material of the cylinder C is pasteboard; its axle is of wrought’ iron. These throe cylinders 
must be perfectly round nnd parallel. 

The wheel F forms the communication between £ and G, which rest upon the cylinders B and 
D. Tho relation of F to the circumference of the cylinder* i* such that when the machine is set 
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to work these cylinders slide, causing friction, and thus givo a gloss to the cloth. The frictiou is 
variable according to the nature of the cloth or tissue. 

1845 . 1845 , 

' a b , i n i 


In order to set the machine in motion, the fly- 
wheels K and L being turned in order to press 
the? screws H and I against the pillows of the first 
cylinder It, the cloth is placed between the rollers 
in the direction indicated by the arrows. 

CALIPERS. Fu., Compos, Compaa iTiTpaisseur ; Geb., Taster ; Ital., Compasso tla grosses sc ; 
Span., Compos curro. 

Seo Coiipashes 

CALKING. Fr., Calf a ter ; Ger., Kalfatem; Itai.., Calfatarc ; Span., Calafoteo . 

The process of copying or transferring a drawing by covering the obverse side of a design 
with black lead, or red chalk, and tracing lines through on a waxed plate, or wall, by pressing 
lightly over each stroke of the design with a point, which leaves an impression of the colour on 
the (date, |jnper or wall, is termed calking, which is often spelled calquing. 

CALKING IKON. Fa,, Calf at ; Geb., Das Katfatcisen; SPAN., Hierro 
de Calafatcador 6 Estopero. 

An instrument, like a chisel, used in calking ships, boilers, caissons, 
and so ou. These little implements are of various forms, fashioned to suit 
different sorts of work : one form is shown in Fig. 1817 : a the joint of the 
plates, b the tool driven by a hand-hammer. See Hand- Tools. 

CALORIMETER. FlL, Calorimetre ; Ger., WSrmnuner f Ital., Calorimetro ; Span., Calorf- 
metro. 

The npjMiratuB invented by Lavoisier and Laplace for measuring the amount of heat contained 
in certain Ixidies is often designated as a calorimeter ; this apparatus I .a place operates by the 
melting of ice around the body to be tested. See I*yrometer. 

CAM. Fh., Came, on camme ; Gek., Zahn-lMumen ; Ital., PabnolOj Dents; Span., Ese/htrico, 

A projecting part of a wheel or other moving piece, so shaped as to givo an alternating or 
variable motion of any desired velocity, extent or direction, to another piece pressing against it, by 
sliding or rolling contact. Cams are much used in machines that involve complicated and irregular 
movements, as in the scwiug and pin-making machines. 

The cam-wheel A, Fig. 1848, revolving on its axis C, raises and lets fall the beam D ; the 
heart-cam B, revolving on its axis E, gives an irregular motion to the rod 8; and the cam G, 
revolving on its axis F, moves 11, and may be made to operate an alarm boll. The cam and the 
toggle-joint should be considered two of the mechanical powers ; then we should have, 1, the lever ; 
2, inclined plane; 3, wheel and axle ; 4, screw; 5, pulley ; 6, wedge ; 7, aim ; 8, toggle-joint. When 
valves are employed instead of slides, for altering the flow of steam to the steam-cylinder, it is usual 
to move them by cams. In the rough sketch. Fig. 1849, P is a nipe connected with tho boiler, Q 
a jx>rt to the cylinder, and V a valve, which is here represented single, hut it is usually of the 
double-beat kind, shown in Fig. 1850. The valve V, Fig. 1819, doses the passage from P to Q, 
the valve-rod R V, passing through a stuffing-box in the cover of the valve-box, terminates in a 
roller R, which bears upon a cam 8, fixed on a shaft T, caused to rotate by the engine. This cam 
is a disc, partly circular, with part of it, 8, projecting to a greater distance from the centre. As 
long as the roller R bears upon the circular jjortion, tho valve V remains down upon its neat ; but 
as tho projecting part of the cam is brought by tho revolution of the shaft under the roller, the 
valve-rod is pushed up, and tho valve lifted to allow the passage of the steam. When it is 
desirable that the valve should be kept open during a greater or leas portion of the revolution of 
T, the cam is sometimes made with ster* of various extent, on any of which the roller may bo 
made to bear at pleasure, aa shown in plan and section, Fig. 1851. To prevent tho valve being 
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damaged from repeated blows against its neat, a dash-pot is employed, which is a small cylinder, 
partly filled with fluid, and having a loosely-fitting piston to case the blow of the falling weight. 
The stationary under-pnrt of tho dash-pot is usually filled with water, and the plunger rises and 
falls with the valve-stem. Ho c Dash-Pot. In Fig. 1852 is represented the gearing for operating 
the steam and exhaust valves of the Bidgwood pumping engines, belonging to the Brooklyn 
Water Works, New York. 



less. mo. 



The following description will show the different functions which cams have to perform in 
working this gearing. The steam-piston is shown at half-stroke on its downward movement, the 
various pArts of the gear being drawn in exact accordance with that position and direction, the 
Upper steam and lower exhaust valves being open. The frame ot yoke a, with the inclines b and 6, 
on its sides, receives its motion from the beam, and moves in the same direction as the steam- 
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piston, and Is for the purpose of closing the steam and exhaust valves; two levers r, with the 
rollers on the upper ends, transmit the motion from the inclines through the rod d, anus e and /, 
rod g, and arm A, to the exhaust-valve rock-shaft ; the exhaust-valve being closed when the 
lever c has made half its movement, or on reaching its vertical position. The steam-valves are 
dosed by the same cam-yoke a, through the rod », lever J, arm K, nxis I, I, and rock-urm or cam m, 
communicating motion to the closing-arm A of the steam-valve. The dosing-arm A is in the form 
of a segment ; the face being made of two curves, the difference in their radii being equal to tho 
lift of the steam-valve: this segment or cam u adjustable by hand, that is, the dosing-lace can Is? 
brought sooner or later under the toe of the lever B or upper steam-valve, performing the closing 
or “cut off” at the point required. The t eater-cylinder C is used exclusively for opening the steam 
and exhaust valves, and is furnished with a piston, admission and exhaust jsirts, valves, Ac., like 
any steam-cylinder. The piston-rod is attached to a cross-head, and connected to the levers c, by 
the rod D. Tho admission and exhaust valve are operated from the double-curved arm or cam K, 
on the rock-shaft E. The slot in the arm E is composed of two curves joined together in tho 
Vertical centre by an inclined slot; the difference in the radii of the curves being equal to the 
movement of the valve, and the length of the incline determines the time of action. On the end of 
the lever O is a roller revolving freely on a journal, and fitting the slot on the arm E, the vibra- 
ting motion of the arm raising or depressing the roller from one curve to the other, imparting a 
like motion to tho other end of the lever O, and through the rod H and right-angled arm I to the 
valve-rod K. It will bo observed that this valve motion is intermittent. There is another valve 
in the tenter-cylinder chest which we call the supply-valve; as it ojh'Iih and closes the communica- 
tion between the water-chest and the rising main, and is operated from the roll-lever f, through 
tho connecting-rod L and lever M, attached to the valve-rod : this motion to the supply-valve is 
also intermittent, and made by tho slot in the rod L and lever M. The ends of the lower levers 
B, B\ of the steam-valves are connected to weighted plungers X, V, working in small open 
cylinders, or dush-pvte It', It', one for each valve; the gravitation of the weighted plungers opeua 
the steam-valves through the rods O and lever 1*, attached to the valve-stems, and the time taken 
to open the valve with* being regulated by the velocity of the water forced out of the dash-pots, a 
small cock being fitted to each for this wjx-eiul adjustment. This completes the description of tho 
various parts of the gearing and their separate duties; wc shall now show the combined action of 
tho whole in relation to the steam -piston. 

Tho steam-piston having reached midway on its downward stroke, of course tho frame or yoke 
a is also at mid-position in the same direction, and the up|>cr steam-valve oj>en — its weighted 
plunger unlatched and at the Itottom of the cylinder ; the lower exhaust-valve is also open, leaving 
free communication between the under-side of the steam-piston and the condenser. Those are 
positions of tho parts as illustrated in Fig. 1852. Now, as tho cut off usually takes place at 
or about half-stroke in this engine, it will be aeon, by reference to the figure, that the closing part 
on the periphery of the nrm A is just entering under the toe or cam Q of the lower lever or upper 
steam-valve; and very little more movement of the arm A will close the valve— that is, the lower 
will bo lifted by the action of the arm, transferring its motion through the rod (J and lever 1* to tho 
valve-stem, forcing it downward and closing tin* valve, at the wirin' time the lower lever B on its 
lift is carried with its weighted plunger ‘to the top of its dash-pot R. The latch-bolt *, shown in 
the figure as withdrawn, enters a socket in the plunger by the action of a spring on its back, and 
holds the plunger there until it is time to open the upper steam-valve again on its next downward 
stroke ; the closing-arm A moves on without producing any further motion it* the lower lever B, 
its hsj simply resting on the curve of the arm as it passes under it. Tho steam-valve being now 
closed, the balance of the down-stroke is made by the exhaust sham ; the frame nr yoke a is 
descending, and tho water-cylinder piston C is at full stroke towards the steam-cylinder ; tho 
admission-valve K of the former has just accomplished its half-movement, that is, it is square 
over its cylinder fiorts. When the frame or yoke a has descended so that the lower end of the 
upper incline h comes in contact with the roller /, on the lever c, tho water-cylinder valve K has 
completed its movement, opening the back port to the exhaust passage, and removing the water 
on the back of tho piston, and leaving the front port open ready for the admission of pressure on 
the front side of the piston. The motion of this admission- valve ceases now, or at least until the 
frame a has arrived at the same position on the up-stroke, when a similar hut a reverse motion 
takes place. This cessation of motion to the admission-valve is accomplished by the rock-arm 
E having moved its curved slot or cam over the roller, the movements to the valve attach- 
ments being produced while the inclined part of the slot is passing under the roller of tho 
lover O. The frame or yoke a is still descending under the oj>eration of the expanding steam ; 
the upper incline b has forced the lever c over its vertical ponitiou or half-movement, closing 
gradually the lower exhaust-valve through the vnrious connections, rock-arms, and toes. The 
duty of the upper incline b ends here for the dow n-stroke ; at the same instant the admission- 
valve covering the supply port between the water-cylinder chest and rising main is opened by the 
action of tho rod L and lever M, and water under pressure admitted to enter the already open port 
of the water-cylinder, carrying the water-piston to the end of its stroke, and with the lever c, 
through the connecting-rod D, which movement npeus the up|>er exhaust-valve, and permits the 
steam that has just expended its power on tho down-stroko to escape to the condenser ; by this 
same movement the short arm V comes in contact with the end of the slot in the latch-bolt of the 
lower steam-valve, withdrawing it, and allowing the lower steam-valve to be opened by the 
gravitation of the weighted plunger N, through similar rods, levers, and so on, as described for 
the upper steam-valve. The engine is now reversed and commencing its upward stroke ; but the 
direction reversed, the lower incline 6, on the frame a, performing a similar duty on the upper 
stroke as the upper one did on the down-stroke, and so on continually. In such movements cums 
perform important operations. See Bank-note Printing Machine. Battery. Brick-making 
Machines. Mechanical Movements. Fin-making Machines. Press. Sewing Machines, 
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CAMERA LUCIDA. 

The cumero lucida is ft little bit of peculiarly-shaped glass, placed on a prop, and it enables 
any person, ftltbough that person be ignorant of tbo rules of perspective and but little accus- 
tomed to make drawings, to take with a pencil or pen on paper the lines and shade* of any 
machine or other object with ease and IgM . last i*»ss. 


HnunHj. 

This useful little instrument, con- 
veniently mounted for use by Elliott 
Brothers, 449, Strand, is shown in Figs. 

1853, 1854; the small four-sided gifts* 
prism is set at K. 

Fig. 1850 is an enlarged section of 
this prism at right angles to the edges. 

A is a right angle, and B an angle of 
135\ The angle at the eye atul the 
one opposite ore equal ; each of those 
angles must therefore be equal to 67$°: 

90 45 

135 = 90 + , and C7J = 45 + y . 

The bit of glass, or gloss prism, 
which is not much larger than a thumb- 
nail of ordinary size, is held in a brass 
frame K, Fig. 1855, which is attached 
to an upright rod, having at its lower 
end a screw clump, to fix it to the edge 
of a drawing-board or table. Figs. 1853, 

1854. 'The prism K is fixed at the 
height of ahead 10 or 12 in. from the 
table, and boa its upper face, A. Fig. 

1858, that is K, 1855, nearly hori- 
zontal. Says coming from an object, 

R 8, Fig. 1856, and falling nearly per- • r* 
jjendictilar on the first surface, enter 
the glass prism, and undergo total re- 
flection from the contiguous surface, «. 
then they fall at tins same angle on the * 
next surface, and are totally reflected 
again; lastly, they emerge nearly per- 
pendicular to the horizontal surface, as 
represented in Fig. 1856. The eye re- 
ceives the emergent rays, and perceives 
the image r a, with nil the shades, 





lines, and colours of II 8. on a sheet of paper upon a drawing-board or table to which the instru- 
ment is made fast. If the lines of the image are traced with a pencil, a very correct design 
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is obtained ; but there is some difficulty in seeing both the image and the point of the pencil, 
for the rays from the object give an image which is farther from the eye than the pencil. This 
difficulty is readily surmounted by a little practice, and by placing between the eye and the 
prism a lens, which gives to the rays from the pencil and those from the object the same diver- 
gence. In this cast', however, it is necessary to place the eyo very near the edge of the prism, so 
that the aperture of the pupil is divided into two jarts, one of which sees the image, ami the other 
the pencil. The arrangement of the horizontal face. Fig. 1855, effects this object to the irroatest 
nicety. Amici's camera lucida, represented in Fig. 1857, is preferable to that of Wollaston. 
Fig. 1858, inasmuch as it allows the eye to change its condition to a considerable extent, without 
censing to see the image and the pencil at the same time. It consists of a triangular glass prism, 
11 I)r, right angled at II, having one of its perpendicular faces 11 D turned towards the object PQ 
that has to he drawn at pq; the other side of the; prism llr is placed at right angles to an inclined 
plate of glass, n m. The rays I* Q A, proceeding from the object, and, entering the prism, are 
totnlly reflected from the l»a*e at C, and emerge in the direction a t. They are then partially 
reflected from the glass plat** m n at /, and form a vertical image of the object P Q, which is seen 
by the eye in the direction t pq. The eye. at the same time, sees through the glass m », the point 
of ft pencil applied to the paper, ami the outUDO of the object may he traced : when straight lines 
have to be traced, a ruler can be Applied. 

CANAL. Fr., Canal; Ger., Kauai; Ital., Canale ; 8fan., Ac&juia, Canal. 

1. Canals differ in this regard from rivers, that they have a regulnr bed, having throughout the 
same inclination and the same profile ; and they carry down the same volume of water throughout 
their length. In case one of these conditions is not fulfilled, where, for instance, after a certain 
slope, another is assumed, there will result two canals, the one succeeding the other. 

If from the point o, Fig. 1858, at the bottom of the canal, a horizontal line op is drawn, its cor- 
responding vertical qp will be the slope of the canal for the length oq. It is called the abeulute 
»loj*’, if o and q are the extremities of the bed of the cannl ; ] -s*. 


ami the relative elope , or the slope |>cr foot, if oq is 1 ft. 
long. Calling tho slope /», if L is taken for any length of 
a canal, D being tho difference of level between the ex- 
tremities of this portion, wc have p — — * or, if e repre- 
sents the angle of inclination p = sin. e. 

The Met ion of a canal, or any water-course, is the area 
of the section made by a plane perpendicular to the axis 
of the current ; in a rectangular canal, if / = breadth and 
A = depth, \ or area of section, is a = l h ; if it is trape- 
zoidal, l — breadth at bottom, and n the idope of the sides, 
or the ratio of the lmac to the height, then » = (/ + n A) 
A or s = (/ -f cos. /.A) A, where / is the inclination of the 
aides to tho horizon. 



That i«rt of the contour of the fluid section in contact with the bed or bottom, as well as sides 
or berms, is called the vetted perimeter of tho section. Designating it by c for rectangular canals, 

we have c = / -f 2 A : for trapezoidal, c = / + 2 A */ «* + l = /-f — — . 

Bin. / 

Dubunt gives the name of mean radius of the sectiou, for the ratio of the area to that of the wetted 


perimeter t or — • 
c 

Let us now examine the nature of the motiOQ of water in canals, that is to say, the nature and 
expression of the forces which produce it ; thus establish the formula) of this motion, with their 


various application* ; and, finally, ascertain the quantity of water which canids can receive at their 
heads or inlets. 


2. Mature of Motion in Canals . — Gravity is the sole force that acts upon a mass of water left to 
itself, in a bed of any form ; it produces all the motion which takes place. 

Whenever its action upon each fluid particle (whether it bo that which it exerts directly down- 
wards, or tlrnt indirectly produced by the lateral pressure of tho adjoining particle*) is destroyed, 
so that the fluid mass is brought to a state of rest, its surface will be horizontal. Reciprocally, 
when the surface of a fluid is horizontal, exception being made for any impulse Indore impressed 
upon it, all action of gravity will be destroyed, and no motion cau take place. But as soon os this 
surface is inclined, motion takes place, and continues, even if the bottom of the bod is horizontal, 
and even if it should have a counter-slope for some distance. Whence the principle, admitted in 
hydraulics, that the motion of particles *« a vater-amne is due wholly to the slope at the surface ; this 
slope it is which is the immediate cause of motion, and enables gravity to act. 

3. Let us examine the inode of action of this force, and wlmt is its measure in the different 
coses that may occur, which are represented in Fig. 1858. 

Suppose, then, a canal, in which the surface of water is parallel to tho bottom of the bod, and 
consider the very small section A. The fluid particles which are on the bottom a'b\ will descend by 
the direct action of gravity, as dow n an inclined plane. Those w hich are above, up to tho surface 
a 6, forming, us it were, threads laid upon the first, will descend in the same manner. The effective 
portion of gravity, that which is not destroyed by the resistance of the bed. and which causes the 
motion, will be represented by the height ac. ami this height will be g sin. i; « being the inclina- 
tion of the surface a A to the horizontal Ac. The indirect action of gravity, or the lateral pressure 
experienced by each particle, being the same in all directions, by reason of the parallelism of a A 
and a h', w'ill not occasion any motion. 

Lot us admit, now, a current with a surface more iucliued than its bed, and represent a small 
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aoction of it by B. Take, then, into consideration, any particle, m, traversing the section in the 
direction mn. This particle, or rather the linear system of particles m n, will experience: 1st. 
The direct action of gravity, which we represent by the height m of the inclined plane m n, or by 
its equal c d,md being taken equal to nb. 2nd. The indirect action duo to the inequalities of pres- 
sure upon the two extremes of the system m and n ; at the upper extremity m, conformably to the 
rules of hydrostatics, the pressure is represented by the height of the fluid column mo; at the lower 
extremity it is represented by n 6 ; the resultant of these two pressures, that which produces motion, 
will equal then ma — nb — ad: as for the pressures which each particle of the system experiences 
at its sides, perpendicular to m n, they will be equal to each other, ami reciprocally destroy each 
other, and have no effect. Thus the system m a will Ik* urged downwards by the two force* a d 
and c d, or by their sum a c, which is g sin. %, i being the inclination of the surface. 

When the bod is horizontal, ns in the section 0, the direct action of gravity upon the particles 
in contact with the bottom will, it is true, be entirely destroyed by the resistance of the bottom ; 
but the indirect action, or the inequalities of pressure, will amount to a 66' = o c = g sin. ». For 
all other particles m, the moving force will be as above, mf + (ma — a 6) =cd + da =ac = g sin. i. 

Finally, if the bottom has a counter-slope, as in £), the particles upon it will be urged back or 
up stream, by its relative gravity, ka‘ = cd\ but, on the other hand, they will be urged downward 
by the difference of the pressing columns a a' and 6 6', or by ad. Hence it follows that they will 
be impelled in this last direction by a d — c d = a c = g sin. ». 

4. It follows, from these different facts, that, in a water-course of any form, each particle, in 
traversing a section having an inclination of surface equal to *, receives from gravity an impulse 
represented by g sin. i ; tlrnt is to say, that if the impulse continues during one second, it will 
produce a velocity equal to g sin. i; this, then, is the expression of the accelerating force, and is 
dependent solely upon the indication of the surface. 

This alo]>o, so to speak, may vary at every stop, or it may be constant for a long space, in which 
case a longitudinal section of the surface of the current forms a right line. This is frequently the 
case in canals, properly so called, of a constant sloiie and profile ; the surface lines and the bottom 
lines can neither converge nor diverge, and must be parallel ; the surface will then hnvo the same 
inclination as the bottom, and the sin. i will be = sin. c, or = p (2), and the accelerating force will 
ho - gp. 

5. From what has been said, water running in a canal is constantly subject to the action of 
an accelerating force : bo that, if it encounter no other opposing force, it will descend with an 
accelerated motion, and its velocity would never be uniform. Nevertheless, it often attains this 
uniformity in a very short space of time, after which the acceleration is inappreciable. Experience 
proves this to be a fact ; it is to be seen in most canals, even those of great slope. Thus Boiuut 
causing water to run in a wooden canal 65(5 ft. long, with a slope of 1 in 10, and having divided 
the caunl into space* of 108 ft. each, ha* found Hint ouch division, excepting the first, has Ijeen 
traversed in the same time. There must then be, after a certain period of time, a retarding force, 
which destroys at each instant the effect of the accelerating force, and which is equal to it. Thus, 
water will move along with a velocity acquired in the first moments of its running ; a phenomenon 
similar to that produced in nearly ail motion ; in that of machines, for example. 

But in canal* there can be t»o retarding force but that which comes from the resistance of the 
bed. This resistance cannot be called in question: from experiments made with a tube 2*06 ft. 
long, there was a discharge of 5 22 cubic ft. in 100" : and when its length was doubled to 4* 12 ft., 
dimensions in other respects the same, it took 117" to discharge the same volume. Thus the 
velocity in the tube* was diminished in the ratio of 117 to 100; and it can only bo that the canal, 
by reason of it* increased length, offered a greater resistance to the velocity ; it therefore resisted 
motion. 

• 6. Let us examine tho nature of this resistance. 

When water passes over the surface of a body, there being no repulsion or negative affinity 
between the two substances, it wets this surface; that is to say. a thin lamina of fluid is applied 
to it, penetrating its pores, and it is retained there, both by this engagement of its particles, and 
by the mutual attraction of the particle* for each other. 

It is over such a revetment or watery covering, fixed against the sides of the canal, that the 
water which it conducts must pa*s. Tho thin sheet of this mass, immediately in contact w ith this 
covering, by sliding along and nibbing against it, mingles its particles with those of the covering 
— it adheres, and its velocity is retarded. In consequence of the mutual adhesion of the particles, 
this stoppage, gradually diminishing, is communicated from one to nnothcr of the adjacent layers, 
till it is felt by the moat distant fillets. The mass, in consequence, receives a mean velocity less 
than would talce place without the action of the aides and the viscosity of the fluid. 

The cause of this diminution of velocity has often been Attributes! to the friction of the water 
against the side* of it* bed. Such a friction, if it occurs at all, is of a nature entirely different 
from that of solid bodies against each other; it depends neither upon the pressure nor the nature 
of the rubbing-surfaces. Duhuat is convinced, by direct exjierinients, that the resistance of tetiter 
is imUftendent of its pressure ; He has novor yet found any variation in the friction of water upon 
glass, lead, porter, iron, woods, and different hinds of earth. 

This last fact might be accounted for by observing that in all cases the friction can only take 
place upon the aqueous layer which covers the sides of the bed. But a friction independent of 
pressure? It would seem quite natural to admit that the resistance could proceed from no other 
source but the adhesion of tho particle* of water in motion, both among themselves and with those 
of the fluid-covering of the sides of the bed. 

This adhesion has been measured by weights. Dnbuat found that, to detach tin plates from 
tranquil water with which they had been brought in contact, there was needed, beside their own 
weight, an effort of 0 lb. avoirdupois to 1*08 lb. the square foot of surface. 

Venturi, by means of a remarkable experiment, affords a direct evidence of the effect of adhesion. 
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which enables the particles of water in motion to catch tip ant! carry in their train those which 
are contiguous to them in a fluid rasas at rest. To a reservoir A, Fig. 1859. kept constantly full, 
was fasten* -d a box tilled with water, in which was placet 1 n trough C D, open at its ends, and its 
bottom resting ou the edge D. A small tube was placed in the reservoir, with its end at O. As 
soon as this whs opened, the jet which issued, passing through 
the water which had found its way into the trough, drew with 
it the part adjacent ; this was replaced by that immediately 
next it, which in its turn was replaced bv the water in the 
box ; so that, in a short time, the water fell from the level 
of <j D to «/ A. 

7. Since the resistance is from the action of the sides of 
the bed, the greater the extent of these sides, that is to say, 
the greater the vetted perimeter for any unit of length, the 
greater the amount of resistance. 

But this resistance of the perimeter will be shared among 
all the particles of the section, since their motion is con- 
nected by a mutual adhesion ; thus, the greater the number 
of particles, or the greater the section, the loss will tho velocity of each, and consequently their 
menu velocity, be changed. The effect of resistance will be in the inverse ratio of the section. 

On the other hand, the resistance will increase with the velocity. The greater this is, the 
greater will be the number of particles drawn nt the same time frnm their adhesion to the sides; 
and, further, it must draw them more promptly, and consequently expend more force; so that the 
resistance will be in the double ratio of the velocity. The viscosity of the fluid occasions still 
another resistance, which becomes moro sensible, compared to the first, ns the velocity is smaller. 
Duhuat has observed this important fact, and Coulomb, through a series of experiments, found 
that it is simply proportional to the velocitv. Thus the expression of ratio between the resistance 
and velocity involves two terms ; in one, the velocity is ns tho second power; in the other, as the 
first ; this last, which is hut a small fraction of the velocity, will disappear in great velocities; it 
is always inferior to tho other, when the velocity exceeds 0*23 ft., but inflow this it preponderates. 
In short, tho resistance experienced by water from its motion in a canal, is proportional to the 
wetted perimeter, to the square of the velocity, plus a fraction of velocity, and is in tho inverse 
ratio of its section. Experience proves that this is very near the truth. 

With the symbols already adopted, in calling 6r the fraction of the velocity in question, and a * 

a constant multiplier, the expression of resistance will be o' - (t* -f- b r). 

8. After what has just been said upon the resistance of tho bed and its effects, the different 
fillets of a fluid in motion in a canal will have a velocity the greater as they are removed from tho 
sides of the bed ; thus they will have different velocities. Nevertheless, in estimating the discharge 
of a canal, wo may admit that the whole mass of water in motion is endowed with a mean velocity ; 
which will be such as, being multiplied by the section of the canal, w ill give the volume of water 
passed in one second. 8o that if Q represents this volume, * being the section and r the mean 
velocity, we have Q = »c. 

9. From what has been stated above, it followa that the greatest velocity of a current will be 
at its surface — in its middle, if the transverse profile is regular— if it is not, then in factions very 
nearly corresponding with the greatest depths ; it is there tluit is generally found the thread of 
voter, or fillet of the greatest velocity. 

This velocitv of the surface, being that most easily determined by experiment, the knowledge 
of its ratio with the mean velocity is a subject of great interest in practice ; it will enable us to 
determine this last velocity so as easily to calculate the discharge. The investigation of this ratio 
has l>een the object of many hydraulic observers, as we shall ace in the article on Rivers ; we confine 
ourselves here to what concerns canals. 

Duhuat has mode precise experiments upon this subject. They are in number thirty-eight. 
They were made with two wooden canals 141 ft. in leugth : the one of a rectangular form I *6 ft. 
wide — the section of the other a trapezium whose small base was $ ft., with its sides inclined 3*1° 20' 
to the horizon (making a = 1*86); the depth of water varied from 0*17 ft. to 0-89,5 ft., and the 
velocity from 0*524 ft. to 4-26 ft. Duhuat concludes, from these experiments, that the ratio of 
velocity at the surface, to that of the bottom, is greater according as the velocity is less, ami that 
this ratio is entirely independent of the depth : that to the same velocity of surface corresponds 
the same velocity of bottom. He lias observed also Hint the mean velocity is a mean proportional 
between that of the surface and that of the bottom. Calling m the velocity of the bottom, V that 
of the surface, and r the mean velocity, he gives tho results of his observations by the formula 

« = (Vv - -20S868) 5 Ktul r = = (VV - •H9434)’ + -022332. 
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Prony, after discussing the experiments of Duhuat, has thought this the more convenient 

r . ..V-f 7*78188 

formula, r = v — — - — ■ * i 

V + 10*34508 V. V. *. 

Here is a small Table of some values of c corresponding to values of n ~ lri ^ > 

V, as given by this formula. Prony, taking a mean term, has thought 0 25 * 8202 0-77 V 

that, in practice, wc may take r = 0*8 V; that is to sav. in order to q.s-q 1*0404 0 79 V 

have the mean velocity of a current of water, we may diminish that j. 8-2809 ! 0-81 V 

of the surface one-fifth. 1-50 4*9213 0*88 V 

10. Formula of Motion. — Wo have two kinds of motion to consider. 2 • 6-5618 ! 0*85 V 

Most frequently, the surface of a current in a long anil regular cnnril [ 
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attunes a constant slope, which is the gnme ns that of the bottom of the bed, and this surface 
becomes parallel to this bed. Then all transverse sections are equal ; the mean velocity is the 
same in each, and the motion is uniform. 

Ilut it often happens that the surface varies from point to point, and is not the same with that 
of the bottom : so that, at different points of the canal, the sections, and consequently their velo- 
cities, are no longer equal. Still, the quantity of water admitted in the canal remaining the 
satin-, upon each isolated point, the section of the fluid mass will bo constantly the same, and the 
velocity then will always have an equal value: all, then, is constant, and the motion, without 
being uniform, trill be permanent. 

11. Uniform Motion . — We liavo already remarked that, when the water in a canal becomes 
uniform, the retarding force equals the accelerating force; and that the expression for this last, in 

c ft* 

such kind of motion, is on; so that wo have gp = a 1 - (t 2 -f bt); or, making - = a, we have 

* 9 

p = a - (c* -f b r). 


If, at a portion of the canal where the motion is uniform, wc take two points upon the surface 
of tho fluid, whose distance apart we represent by L\ and difference of level or absolute slope by 

D ^ |/ 

D, we have p - p, and D = a — — (c* + 6r). If we take the canal throughout its entire length, 

which we called L. and H being the difference between the head and foot of the same; from this 
difference H, we must take a height due to the velocity r of uniform motion, and it will be pre- 
sently shown (27) that II — = a ~ (c ! -f- br), 

i g s 

12. It remains to determine the two constant coefficients a and b. 

Pronv. in combining tho results of thirty experiments made bv Dnhuat, has undertaken and 
executed this determination. Home years afterwards, Eytelwein following the steps of Pmny, but 
extending his observations upon ninety-one canals nr rivers, in which tho velocity varied from 
0*407 ft. to 7 ' 04 ft., and the fluid section from '151 sq. ft. to 28*030 sq. ft., found u — *0035855, 
ora = •000111415, and b — *217785, the English foot being the unit. 

Thus, putting for g its value =s 32*18 ft., the fundamental equation for the motion of water in 

canals will bo p = •000111415 ^ c 3 + *0000242647 — ; or, observing that r = — (8), Q being the 
discharge, />#* = • f HTK) 1 114 15 cQ 5 -f • 0000242647 c Q *. Of the four quantities, Q, />, s, and r, or, 
remembering that * = (/ 4- «A), A and c = / -f 2 A (s/ui* -p 1) (1), of the four quantities, Q. p. A, 
and /, three Wing given, this equation enables us to ascertain the fourth. As for n, the slope to 
lie given to the tanka, it will be indicated by the nature of the soil in which the canal is dug. 

13. It is seldom that the velocity is found among the list of problem* to bo resolved ; still, for 
any case where its direct expression is required, the first of the two equations above gives 

* = - 0-1088910 + V 8975-111 til 4 . -01185803; 


or, more simply, and with sufficient accuracy, r = v 8975*414 ^ — O’ 1088946. 

c 

14. Consequently, vre liavo from Q = sc, 

Q = a 010S894G + 8975-114 + -01185803 Y or 

Q = a (V 8975-111 P ’ - • 1 088940^ • 

15. In great velocities, those of 3' 2809 ft., for instance, or any above this, where the resistance 
is simply proportional to their square, we have 

V = 94-738 VT and Q = 94-738a Vt?. 

c c 


Let there be, for example, a canal, whose section is a trapezium 13*124 ft. wide at top, 
3*2809 ft. at bottom, and 4*92 ft. deep; with a slope of 0*001. Acquired, tho quantity of water 
which it will convey. 

We have p =• 0*001 ; I = 3*2809 ft.; A = 4*9214 ft. With regard to w. or ratio of base to 
height of banks, the height is that of the trapezium, nnd the base is one-half the difference 

between the two liases; so that n = Q * 4 Jo 14 * — = ** ^' rom * = (* + « A) A = 

(3-2809 + 1-9211) 4-9211 = 10-3GC aq. ft.; nnd c = / + 24 </ n’^fl = 172 ft. Consequently, 
(J. the quantity sought, ia 

Q = 40 866 (^/ 8975-414 *— + -01185805 - -108885^ = 180-87 cub. ft. 

If wc neglect the term *01185805 under the radical, we have for Q = 180*843, which only 
differs from the above by *027. 
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The formula above for great velocities would give 

x 40*866 


Q = 94-738 x 40*366 - 


172 


180 05 cub. ft. 


16. The slope is directly given by the fundamental equation which wo have already esta- 
blished (12). 

The Canal do 1‘Ouroq furnishes both an example of the mod© of its determination, and some 
remarks worthy of attention. 

There wero 106*61 cub. ft. of water a second to be disposed of; the projected navigation 
required there a depth of 4*9214 ft. ; and in order that the water should always be at hand for the 
service of the fountains in Paris, it was necessary that it should liave at least a velocity of 1*1483 
ft. : the soil was hucIi as hi admit of a slope of 1.) base to 1 of height. 

Wo have, then, Q = 106*61 cub. ft. ; v = 1*1483 ft. ; A = 4*9214 ft.; and n = 1*50. More- 
„ .. . . . ,. . . . Q 108*61 cub. ft. __ 

over, from the given terms of the problem, s is known, for i = -= — -■■ ■ - — = 92*843 sq. ft. ; 

r 1 148.J It. 

/ will also bo known, since from the expression s = (/ -f » A) A, wo deduce 
_ *-»A* _ 92-843 - 1*50 x 4*921 1 5 
A “ 4*9214 

consequently, wo liavo c = / + 2A + 1 = 29*227 ft.; whence the general equation, 
p = -000)114155 — + -000024205 — ; 


= 11-483 ft.; 


substituting the numerical quantities, gives p = 0*00005502: such is the slope indicated by the 
formula. 

Girard, the engineer who planned the canal, arrived nt very nearly the same result. But lie 
has observed, with reason, that nquntic plants, growing always upon the bottom and berms of the 
canal, augment very much the wetted perimeter, and consequently the resistance ; ho remembered 
that Ihihunt, having measured the velocity of water in the canal (du Jard) before and after the 
cutting of the reeds with which it was stocked, has found a result much less before the clearing. 
Consequently, he has nearly doubled the slope given by calculation, and has carried it up to 
0*0001056; the length of the canal being 314966 ft., this gives 33*260 ft. of absolute inclination. 

17. If the dimensions l and A were the one unknown, and the other one of the given quantities 
of the problem to bo solved, wo take the values of c and x as functions of these two dimensions, and 
substitute them in the fundamental equation (12); / would then bo deduced by the resolution of 
an equation of the third degree, and A by that of an equation of the fifth degree. 

Let us determine, for example, the width to he given at the bottom of a canal, appointed to 
conduct 123*60 cub. ft. of water, with a depth of 4*9213 ft., tho slope being 0*0001, and the soil 
of such a character as to require for slope the base to bo twice the height. Thus, Q s= 123* CO cub. ft. ; 
p = 0*0001 : A - 4 * 2649 ft.; and n = 2. 

Wo substitute these two last quantities in the expressions of a and c(l), which in their turn aro 
substituted in tho general equation. This will involve, then, only the unknown term l ; and, 
ranking all reductions, and arranging according to the powers of /, wo have 
I* + 23*943 1* - 46*578 1 - 3832 = 0. 


Substituting for /, we find, on trial, l ~ 11*138 ft. 

18. Most generally / and A aro not given terms of tho problem ; we have only Q and p, or the 
volume of water which tho canal ought to conduct, and the slope which it should have, leaving tho 
engineer to determine the width and depth. To obtain those two unknown quantities, there is but 
one equation ; the problem, therefore, is indeterminate. The engineer then supplies the gap, in 
giving such a figure as he deems best adapted to the profile of the projected canal ; this figure, 
indicating the relation between the two dimensions, furnishes the equation which was hitherto 
needed. 

In tho choice of this figure, regard must be liod to the object most important to be fulfilled, and 
that that is adopted which fulfils it with least expense of construction and of maintenance. When 
it is desired to convey the greatest possible quantity of water to the point where the canal empties, 
according to the formula of discharge (14 and 15), tho volume of water brought down is so much 
tho greater, ns the section of the fluid mass is greater, aud as the wetted perimeter is smaller; con- 
sequently, we must tako a figure which, with the same perimeter, presents the greatest surface. 

19. Geometry informs ns that the circle has this property. The semicircle, aud therefore a semi- 
circular canal, has the some property, the ratio between the semicircle and semicircumference being 
the same as that between the circle and entire circumference. 

Then follow the regular derai-jsdygona, and with the less advantage, as the number of their 
sides is less; and s»» among the most practicable forms wc have the regular demi-hexagon, thodemi- 
pentagon, and finally the half-square. 

But these figures are not admissible for canals in earth excavations ; their berms, not having 
sufficient slope, would cave in. 

In order that they should be sustained without revetment, they should have a slope of from 1*50 
to 2 of base to height, ns there is more or less consistency in the soil ; in the regular semi-hexagon, 
where the slope is larger than tho other named polygons, it is only 0*58. A h1o|ic of 1 is only 
adopted in excavations of small importance or for temj»omry use; hut for canals, the slojie of 2 to 1 
is usually adopted, and sometimes 2J ; such was the slope adopted at the canal of Languedoc. 

20. As the usual profiles of canals ore trapezoidal, the question of figure of greatest discharge is 
reduced to taking, among all the trapezium* with sides of a determinate slope, that which yields tho 
greatest section for the same wetted perimeter. 
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Since the section *. or (/ + n A) A, should be a maximum, its differential will be zero, and we have 
hdl + Id h + 2»*<fAsO. 

Since the perimeter remains constant, the expression c = / + 2 A + 1 (1) being differentiated, 
ftives usO = d/4■2</A-v , n 4 -f- 1. The value of dl, derived from this equation and substituted in 
the preceding, gives i = 2 A (v^n 4 + 1 — n). 

With this va lue of /, we imve t = A* (2 */»* + X — ») = »' A*, by making 2 a/n* + 1 — n = n'; 
and r = 2 A (2 + 1 - n) = 2 «' A. 

Putting these equivalents of s and c in the fundamental equation of motion (12), it becomes 
= 0*0001114155 Q* + 0*0000242051 Q r' A*. 

This and the preceding equation give for / and A the maximum sought. 

Let us take, for example, Q = 70-0032 cub. ft., /* = *0012, » = 1*75. The second of the above 
equations is reduced to A* — 1-2522 A* — 178*04 = 0. 

Making, by a first approximation, 

A = 2 • 82 ft., we have — 9*6593 = 0. 

A = 2-85 ft —01821=0. 

A = 2-850507 ft +0*0002 = 0. 

So that the true value of A will be 2*850507 ft. This will give for /, which is 2 A (V a* + 1 — a), 
= 1 -5107 ft. 

These dimensions arc those of the stream. But the depth of the excavation should be greater. 
It would ho well to iucrease it to 3*937 ft. 

The breadth at bottom remains the same 1 *5105 ft. 

The breadth at level of earth will bo 15*29 ft. 

There will then bo, a running foot of cut, an excavation of 33*1 cub. ft. 

In homogenous earth, so long as the depth of excavation does not exceed G$ ft., and the upper 
width 161 ft., the expense of digging will lie proportional to the volume of excavation, and the 
figure of least section will therefore be the most economical. 

21. As for those canals where there is no fear of caving in, such as those excavated in mok, or 
protected with masonry, which arc more particularly termed Aqueducts, ns well os those in wood 
and mill courses, they moat always have a rectangular form. Still, ns we have seen, the regular 
demi-hexagon of the «am«i section will conduct more water; but simplicity, facility, and economy 
of construction havo prevailed. We must remember that the dimensions of the rectangle shouhl 
have a width nearly double the depth of the fluid mass it is destined to carry, and consequently it 

should be • 

v 

22. Permanent Motion. — We have seen (10) that permanent motion differs essentially from 
uniform in this, that the mean velocity in each section, remaining constant, is not the same as in the 
adjacent sections; consequently, the sections of water are no longer enual to each other, their depth 
is not the same, the surface of the fluid is not )mrellel to that of the l>cu of the stream, and its inclina- 
tion varies from one point to another. We have examples of such motion in cnnnls too short for 
the velocity to acquire a uniformity, at the head and foot of long canals, and in those whose bottom 
is horizontal. 

23. Let there be a current endowed with immanent motion, and let us regard that part of it 
comprised between A and M, Fig. 1800. Through these two points of tho surface, and through N 
infinitely near to M, imagine transverse sections A O, M P, 
and N p , made perpendicular to the axis of the current. From 
the points A and M we draw the horizontal lines A E and 
M t ; E M will be the fall of the surface from A to M, which 
we designate by // ; t N, or the elementary increment of tho 
alone, will be dp' or M N sin. *, » being always the angle 
t M N of inclination of the surface to the horizon. Let us 
consider upon the section A O, taken up stream for the point 
of departure, tho particle having the mean velocity of the 
section, whatever else may be its position, and let m m' l>o 
tin* path which it describes as far as M P. Call z the length 
of this path, t the timo employed in traversing it, and r the 
velocity of the particle on arriving at m. Wo havo then 
m V = dz: dt will he the time in passing dz, and dv tho increment of velocity during this 
passage (which will be — rfr wheii motion is retarded). 

Tho forces which act upon the particle m while traversing rnm'n' arc; 1st. on one side, 
gravity, which tends to accelerate its motion, and whose whole action, according to what we have 
said in (3), is <j sin. i; 2nd, on tho other side, tho resistance of tho bed, which tends to retard its 

motion, and whose expression is (7) a' ^ (c* + 6 r). 

These two forces acting opposite to each other, their resultant, or the effective accelerating force, 
will bo equal to their difference. But in all variable motiou, tho accelerating force is also 

expressed by the increment of tho velocity, divided by that of the time, or by ; we have then 

dt 

, ,e , . 

— 3 sin. 1 — a - (c* + A e). 


1 *<:■>. 
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Multiplying all the terms by d * (remarking that —j — r, the space, divided by the time, equal- 
ling the velocity ; remarking, further, that d z sin. » = dp\ since for d z or m' n' we may take M N, 
which will not differ from it save in extreme cases, hut by an infinitely small quantity of the second 

c 

order, and that M N sin. i = t N = /» ), we have vdc = j dp — a - (c* + 6 v)d z. 

Such is tho equation established by Poneelet. 

Integrating, determining the constant for the station A, when p" = 0, * = 0, and t = r w we have 


r* rt C c 

2 — g =gp'-ja -(? + bt)dt. 


But (8) v = — ; and if we designate by s, the area of the section at tho final point M, and by 

that at tho initial point A, which let us divide by a, and remembering that - = a = 0- 000024265 

0 

(12), and that b — 0 000111415, we have finally 

f > = S?(I _ I)+y ^0-0001114155 + 0-000024265 

a formula which gives directly tho slope of the surface from A to M. 

In the application, the quantity under the sign f may be Integrated by approximation. For 
this purpose, divide tho arc A M or z into portions, AB, BC, C I>, anil so on, whose lengths are 
such that the divisions of the arc may be taken, without sensible error, for right lines. Designate 
these lengtlis by **„ 4‘„ s', .... *•., and the areas of the sections at A, B, C .... M, by 

i, . . . . and by c„ r„ e 9 . . . . c nt their respective wetted perimeters. We measure or take 

immediately these lengths, sections and perimeters upon the given stream, and all will be known 
in the integral, which will become 

0 0001114155 ( + . . . — — Q* + 0 000021265 + . . . Q. 

Let us represent by M the multiplicator of Q* and by N that of Q ; let us make also 

= D, the equation will then be p' = (D -f M) Q* + N Q. 

2 9\»\ »V 


24. From this we deduce Q = 


N 


+ V — * V- 


2 (D + M) DfM V 2 (D + M>y 

In our article on Rivers we shall have occasion to apply this formula, with its details, to 
streams whose form and delivery were otherwise known, and we shall see that its deductions are 
not far from tho truth. 

In canals where the slope of the bed and the profiles are constant, the calculations are much 
simplified; the depth of water at any one station will be sufficient to know its section and wetted 
perimeter; moreover, the depths, with the inclination of the bed, will give that of the surface. 

As an example, let us determine the volume of water which a rectangular mill-course, 8 ‘202 ft. 
wide, with a horizontal bed, will conduct to a mill. At four points, distant 328*1 ft. apart, we 




h 

c 

■ 

**c 

4* 

t’C 

~7 


fret 

feet. 

feet. 

«q. ft 



0 l 

0 

5 052 

18*806 

41-44 

0 

0 

1 

328-09 

4-901 

18-004 

4020 

3-655 

•0909 

2 

328*09 

4-845 

17-892 

39-74 

3-717 

0935 

3 | 

328 09 

4-973 

17-348 

37-51 | 

4 045 

1078 


P 

•479 



11*417 

•2922 


take four depths, noted in column A of Table. Since the canal is rectangular, and / = 8 ‘202 ft., 
then j = 8 ‘202 A ft., and c = 8 ‘202 + 2 A ft. We calculate these values for the different stations, 

and then, through these, those of — - and — . All are in the above Table, 
r r 

The canal being horizontal, p‘ = 5-052 — 4*573 = ‘479 ft. We have 

D = — — (-1 LA = 0 000001095 

64'3C4\37‘51 41-44V 

M = mm of 0-0001114155 = 0 00003255 

J* 

N = mm of ~ x 0 000024265 = 0 0002770 

^M) = 4 W>92 - dTm = 13 **’ GlD y = 16 -° 742 "• 


2 (D 

Re that Q .as - 4 0092 + V 13886 + 16 0472 = 113*81 cub. ft. 


3 K 
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With the formula for uniform motion in taking n mean height between the extreme height*, 
and for a slope per foot, *471) divided by 984*27 ft., the sum of the we have 

Q= - 4 299 + •/ 15072 + 18-478 = 118 54 cub. ft. 

25. The equation (23) which gives the slope of the surface of the current knowing some of the 
sections, will further, by the taking of one depth only, enable us to trace in its progress the curve 
described by a fluid |*oint of the surface of a water-course in a canal, whose slojie, profile and 
discharge are otherwise known. 

For the place, when the depth of water is given by the aid of the profile, it will lie easy to establish 
its section and wetted perimeter: let us designate them by * 0 and <v Take a second station, at a 
distance r from the first, no small, that in this distance there shall be but little variation in .% and 
, aud so that they may be regarded as constant in the expression of the resistance of the bed, 


“ d *° h ‘ vo * = § (,7 - i ) + ■ ° c * 0 ? ■ .1) ■ 


We may neglect the first port of the second member at the first trial, which amounts to sup- 
posing a uniform motion throughout the whole length r, and we shall have the first approximate 
value of p\ This will enable us, knowing tko slope of the bed, to assign very nearly the depth of 
the stream at tho second station, and consequently gives us All will then bo known in the 
above equation, and we have a second and more approximate value of // than the first. If it is 
thought best, we are aide from this to calculate a third, which shall tie still more exact. In the 
same manner, we may determine tho depth at the third and fourth stations, and so arrive at all 
tho ordinates of the curve required to be constructed. 

2 fi. But this method involves much uncertainty, and many suppositions, ami often leaves ns much 
emlnnrmsscd. We can avoid, in part, those inconveniences, and go directly to the solution of the pro- 
blem, by introducing the slope of the lied in the problem, according to the method of Belanger. 

For this purpose let us take in band the first differential equation of (23); and we remark that 
the angle 1 , or t M N, or M Ns, Fig. 1800, is composed of two other angles: first, M N r, which 
measures the inclination of tho surface uj>on N r, parallel to the U>ttoin of tire bed Pn ; designate 
this by j : second, the angle rN s, which this bottom makes with the horizon, and which we have 
already called e ; so that * = j • F e, and consequently, sin. » = sin. j cos. e -f sin. e cos. j. But 
sin. e — p (1), cos. e = V 1 — />’, and cog. j = 1, considering tho smallness of the angle j; thus 
sin. » = sin. j 1 — p 3 -f- />, and the oquation becomes 

Tt = 9 ,in ' 1 ^ 1 - ^ + 9P ~ ; <’* + * C-A] 

The term may take a finite form, which will depend upon the figure of the bed. When 

the canal is of small extent, we usually consider the slojw as uniform, with a mean width /. From 

Q Q Q /«! A 

this supposition results s = l h and c = / -f 2 h ; so that v = - = — , and dv = ^ — ; more- 

<** , . dt Ihdz dv Q -idh Q a / . , . dh Mr 

over (23), r = — or = ; then — - = - ■ = — , am. ;, smee — = = — 

v ' ' dt e Q dt Ph *dz P h* dz MN 

tan. * or — Bin. j. 

Substituting this value in the equation [A], neglecting p *, which will always be small compared 
to 1, substituting for g , a' and 6 their numerical values (12), and evolving sin. /, we have 


sin. j — 


PPA»- { 0*00011 14155 (/ -f 2 A) Q T + 0*0000242651 (/ + 2A)/AQ j 
*031073 / Q* — P/P 


We have taken for the curve of a fluid thread of the surface of the stream, a polygon, each of 
whose sides has a finite length M N = **, and whose inclination relative to tho bed is j : the 
difference M r between the depths of the two extremities of a side will be its slope compared to 

this bottom ; designating it by p’\ we have no. / = — , and consequently, 


„ _ p P h* - J 0 000111415 (/+ 2 A) Q* + *0000242651 (/ + 2 h) I h Q } ** 

P ~ PIP- -031073/(4* 

Tho series of values of p" will enable us to trace the polygon, or required curve. 

Instead of comjxiring the slopiw to the bed, wo might comjiare them with the horizon, and thus 
have their value //, in observing that p‘ = p" -f- p. 

Inlet*. — Canals, with tho exception of those for navigation, at their points of departure rcceivo 
their water from reservoirs or retaining basins placed at their heads, and which most frequently 
are portions of the river whose level has been raised for this purpose by dams. 

The head of the canal, at the point for receiving water, is either entirely open, or furnished 
with gab s. Let us examine these two cases. 

27. Ctmalt of Open Entrance, — Water, on its entrance into an open canal, forms a fall, its level 
being lowered for a certain distance; then it is elevated a little by slight undulations, beyond 
which the surface takes and maintains a form very nearly plane and )>Hrallcl with the lad, its 
slope and profile being always considered as constant. The velocity is accelerated from the top to 
the foot of tho fall : it then diminishes during the elevation of its surface, and, soon after, its motion 
continues in a manner sensibly uniform. Dubunt, who has made a particular study of the circum- 
stances of motion at the entrance of canals, and throughout their course, has found such on order 
of things established, that when the motion has become regular and uniform, the velocity of tho 
surface is very nearly that due to the entire height of the fall, and that tho head due to the mean 
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velocity is equal to the difference between the height of the reservoir and that of the uniform section. 80 
that if H represent the height of water in the reservoir above the sill of entry into the canal, h the 
height of the uniform section, that is to say, the constant depth of the current after it has attained 
a uniform motion, and v the velocity of this motion, we have H — h = 0*015536 o*; or rather. 

r* 

0*015536 — , n being the coefficient of contraction which the fluid moss experiences at its entrance 

into the canal, a contraction which occasions a greater fall. 

Duhuat, from several experiments mode with wooden canals (9), with heights of reservoir H 
from ’394 ft, to 2*K87 ft., has found that m varies from 0*73 to 0*91 ; but he remarks that, in great 
canals, where the height due to the velocity is small compared to the depth, the contraction will 
be leea, and he thinks there would bo no sensible error in taking rn = 0*97. Eytelwcin assumes 
O' 95 for largo canals, and 0*86 for the narrow, such as is adopted for most mill-courses. He, as 
well as Dubuat, supposes* for these coefficients, that the bottom of the canal is at the same level 
with the bottom of the reservoir, and that it is but a prolongation of it. If this were not the case, 
there wonld he a contraction at the bottom, ami the value of m would l>e a very little smaller. 

28. The fall which takes place at the entrance of a canal, by diminishing the depth h. lessens 
the discharge Q, of which this depth is an clement. So that, in order that the canal should receive 
all the water which it can afterwards convey, we must prevent the fall. 

Theoretically, to accomplish this end wo must enlarge the upper part of the canal for a length 
v* 

somewhat beyond *01553G — ft, so that the mean widths of the new profile should increase as 

they approach the reservoir, with an inverse ratio to the velocity of tho stream at each of these 
widths, beginning with 0 , its value in tho reservoir, till, by the uniform acceleration of its descent, 
it reaches r ft. at the foot of tho enlarged part. According to this law, the width at the reservoir 
should Is? infinite, since the velocity is zero. 8 uch a cose would be impracticable, and any approach 
to it would involve much labour and expense. 

Consequently, the engineer who, without involving himself in unnecessary expense, desires to 
obtain for the canal all the water that can reasonably be expected, will bo content to widen the 
approach, and in doing this must be governed by local circumstances. For instance, if the head 
is to be laid in masonry, he will give to the approach the form of the contracted vein ; that is to 
say, taking the width of the canal as a unit, we shall have for length of tho enlarged part O’ 7, and 
1*4 for width at the mouth, as comprising the full sweep to be given to tho angka. But it is not 
worth while to exaggerate tho advantages from these widening*, as tho discharge by them will 
hardly he increased by more thun some hundredths. 

29. Dubuat also concludes, from his observations, that the velocity and section are uniformly 
estaNished at a certain distance from the reservoir , just as if uniformity commenced at the origin of the 
canal. In this case wo may suppose the fall to be made suddenly on its entrance to tho canal, and 
thence tho fluid surface maintains a uniform slope. Its value is obtained (1 and 11) by dividing 
the difference of level of the two points by their distance apart ; one may lx? taken at the origin 
of the canal, and according to our supposition its level will be less than that of the reservoir, by a 
quantity equal to the height of the fall II — h. Consequently, if D is the difference of level between 
the reservoir and any point of tho surface at the distance L from the reservoir, but where the motion 
has acquired its uniformity, p being always tho eft*eotive slope, we have 

D-(H-A) D — 0*015536 c 3 
P = L — L 

30. With these given quantities we can resolve the various questions pertaining to a canal 
from n reservoir, supposing always that the motion becomes uniform, which will not be the caso 
unless the canal has a certain length, or should it have no inclination, or approach IMF, and so on. 

Let us resume tho equation, H — A = 0*015536 — -, and in place of r substitute its value, given 


in (13), and we have H - h r= — (^/ 8975 *414 ^ - *1 08395 J. 

Moreover, we havo Q = s 8975*414 — ' — *108895^ . 

By means of these two equations, in giving to s and c their expression, ns functions of tho 
dimensions of tho canal, and substituting the preceding value of p, when j> is not directly given 
we can determine either the discharge, or the slope, or one of the dimension* ; the other quantities 
being known. We give an example. 

Suppose we purchase the site where it is intended to locate the entrance to tho canal, with the 
condition that it shall be rectangular in form, open to the height of the dam, with a width of 
13*124 ft., and whose sill is to bo 6*562 ft. below the ordinary low-water line. We wish to conduct 
this water to a mill distant 869*438 ft., so that the surface of the stream, on its arrival there, shall 
not he over 1 *4436 ft. below the low-water mark of tho reservoir above. What will be the quantity 
of water conducted to the mill ? 

The cutting being made in the dam, the rectangular canal 13* 124 ft. by 6*562 ft. deep is fitted 
in : the clause of the grant forbids any attempt to enlarge the approach : aud every alteration 
within the appointed limits would diminish the discharge. 

Siuce the canal is rectangular, and 13 * 124 ft. wide, we haves =13* 124 h ft., and c = 13- 121 ft. +2 A; 

1*4436 -(H- A) A -51184 . 

moreover, p = ----- = ■ ft., Ii being 6 *502 ft. Although the canal is large, 

OvJ'iOof boJ'iwi 
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so that the coefficient of contraction would probably be above 0*95, yet, to l>o prudent, we will 
take a mean between those indicated by Kytelwein, and call it m = 0*905. With tlie.se values 
the first of the two equations above will bo 




13*124 A (A - 5*1 134) 
869*4334(13*121 + 2 A) 


- • 108895 


95 y. 


Reducin'? 6*562 — h = *018969 


(/ 


135*47 A 

13 7 (13 124 + 2/*) 


— *108895 J gives us the value of A. 


To obtain it, put successively for this unknown quantity in the second member, several nnmbora ; 
first. 6*234 gives A = 5*889 ft. : which in its turn gives 6*111. In this manner we obtain suc- 
cessively 5*908, 6*058, 6*001, 6*040, 6*014, 6*034, 6*020, 6*027, 6*0237 ft. Thus the true value 
of A falls between these two last numbers ; let us take the smallest, A = 6*0237 ft. Then 

«• 

All the quantities required to ascertain the discharge being known, wc introduce them into 
the second equation, ami so obtain Q = 417*795 cub. ft. Such is the volume of water per seooml 
which the canal will lead to the mill. 

When the velocity of the current is required to be 3*28 ft. nr more, wc substitute the expression 
for velocity given in (15), and the two equations to be used will be 

H _ A = l^_44 -£ . widQ = M . 738>v ^7 ; 


or, supposing a mean width /, and taking always m = *905, 


H — A = 170 7^—rond Q = 94'738/A 
I + 2 A 

The slope p will be given either directly, or by the expression 


\/ P lh 
/ + 2 A 

1) - (H - A) 

/> = j- 


In the abovo example, the vnlues of H, / and p , put in the first of these equations, which is of 
tho second degree, will give readily A = 6*027 ft. ; also, p = *001015 and Q = 418*86 cub. ft. ; 
results nearly identical with the preceding. 

31. Among the questions relating to the admission of water in canals, there is one of too much 
interest to millwrights for us to pass it by without a notice in this work. 

The force of a current to move machinery depends not only upon the quantity of water which 
it conveys, but also upon tho height from which it falls ; so that this force will Ik* measured by 
tho product of the quantity with tho height of tho fall of water. The greater the slope given to 
the canal, the greater will ho tho amount of water brought, and tbis is one of tho factors of tho 
product : hut, at the samo time, tho fall (the other factor) is diminished, and it will )*> found that 
the product having been at first augmented with the slope, will after that be diminished, and then 
continue to decrease. There is then a maximum of power, which it is essential to determine ami 
put in uao. Without employing analytical formula', this determination can bo arrived at in a 
simple manner, as will bo seen in the following exaraplo. 

Let us resume that given in the last number, ami lot us suppose the height of fall there to bo 
14*764 ft. The water taken by the canal has arrived at tho mill with a loss of level of 1 *417 ft. ; 
consequently, the effective fall will only bo 13*317 ft. In multiplying this by the quantity of 
water Drought down, 41 8 *86 eub. ft., we have for the product 5577*9 cub. ft.; the corresponding 
slope was 0*001045. Let us increase this slope successively to 0*0015, *002, *0025, and *003; the 
respective products of the quantity by the fall will be 1859*42, 1931*12, 1939*94, and 1907*45 
cub. ft. The slope of *003 has already occasioned a diminution; in trying thnt of *0026, tho 
product will be 1938*18 cub. ft.; whence we conclnde thnt the ownmum of effect lies between 
the slopes of 0*0025 and *0026. Finally, as tho variations of tho product ore very small between 
0*002 and 0*003, we adopt, between these limits, those best suited to the locality and nature of 
the machinery ow'd ; there may be some for which a greAt fall will be preferred. 

I will remark that the given solutions of all the problems in question can lie regarded only as 
simple approximations ; for in order that they should be exact, the bases on which they rest, that 
is to say, the conclusions which Dubuat has drawn from exi>erime>its, should be explicitly con- 
firmed by observations made upon great canals ; and it would, moreover, be necessary to be quite 
sure that the water, before it reaches tho extremity of the canal, has attained a uniform motion, 
and we have but limited means of coming to a positive assurance. 

If water which is in the reservoir of a river to which a canal has been adapted, should arrivo 
there directly, with an acquired velocity, the height of fall which takes place at the entrance will 
be less than thnt indicated (27) by a quantity equal to the height due to this velocity. 

Canals with Oatrs. — When a canal receives its water through openings of a system of gates, 
established at its head, which is generally the case with mi 11 -courses, either the upper edge of tho 
orifice will be completely aud j* rmanently covered by tho water already passed into tho canal, or 
it will not. 

32. If the head above the centre of the orifice is great, so as to exceed two or three times tho 
height of tho orifice, its upper edge will not be covered by the water below, and tho discharge will 
be the same as if there had been no caual. Ex|K'riinents with orifices iu thin sides and furnished 
witli additional canals, leave no doubt upon this subject ; they justify an assertion, long since mado 
by ltoasut, the exactness of which has been questioned. 

Dossut fitted to an orifice *0886 ft. high and *4429 ft. wide, made at the bottom of a reservoir, 
a horizontal caual of tho same width, and 111*55 ft. in length; he produced in it currents under 
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heads of 12*408 ft., 7*802 ft., and 3*037 ft., and he received at the extremity of the canal tho 
name quantity of water that issued from the orifice when the canal was taken away. 

The cuuse of this equality is apparent. When tho water is urged by a great head, and con- 
sequently issues with great velocity, the contraction it experiences on all sides renders the section 
smaller immediately beyond tho interior plane of tho orifice, so that, on issuing, it touches neither 
the sides nor the bottom of the canal ; it acts as if it were projected in air, and the discharge con- 
tinues tho same that it would if this were really the case. Beyond tho contracted section the 
vein dilates, it is true; it joins tho sides of the canal; it meets with resistance, ^and runs less 
swift; hut then it is too far from the orifice to react against what issues from it, so as to reduce its 
discharge. This will always bo given by tho formula m 1‘ A' V2 </ H, f and A' being the width and 
depth of the orifice; m will have tho same value as for orifices in thin partitions. 

Generally, wo take 0*70 for the coefficient of ordinary gates of lluiuea. See* Poncelet and 
LesbrW experiments. 

Without adopting another coefficient for each particular case, the volume of water which enters 
a canal furnished with large gates, and under a great head, may be hud approximately by the 
formula 0 • 70 f A ' g H7 

33. Wheu the water, impelled beyond the gates by a great head, falls into the canal, it meets 
a resistance which diminishes gradually its first velocity, and so increases tho section of its 
current. If the width of the canal is constant and equal to the opening of the gate, it will be tho 
depth which receives the gradual increase; so that tho surface of the fluid below the orifice, 
or rather below the point of greatest contraction, up to that where the increase of depth ceases, 
will present a counter-slope. Frequently masses of water will be detached from the summit, 
and will, rolling back, return towards the orifice; usually they will bo retained, being us it were 
repelled by the velocity of the stream ; though sometimes they will return even to the gate, ami 
re-cover the orifice, though but for a moment Evch in this case tho discharge will bo the same 
ns if there were no canal, and it will be calculated by the formula of the preceding number. 

34. These phenomena do not occur when tho head is small. Water, on issuing from tho gates, 
is in contact with tho sides of the canal ; it experiences a retarding force, which is communicated 
to the fluid at the instant of its passage through the orifice; the discharge, and therefore its coeffi- 
cient, is lessened ; but we have no further guide for its determination. There may be some cases 
where, with a very small head, the gate is without sensible influence ; thus Ey tel we in lias found 
the same discharge, whether the gate was wholly raised, or slightly dipped on the down-stream 
side. 

But in case it is immersed any considerable depth, and the fluid vein at its issue is entirely 
covered over with still water, the height due to the velocity of issue will be the difference between 
the elevation (above any given point) of the surface above the gate aud of that below the gate. For 
the elevation beluw the gate we take the height or depth of water in the canal, wheu its motion has 
become regular ; as that immediately at the gate would be found too small. Consequently, if A is the 
height in tho canal, H' the height up stream above the sill of the inlet, the discharge of the orifice 
of the gate, ami consequently that of the canal, will be expressed by m f A' 2 g (I I’— A). But the dis- 


charge of the canal, tho motion liaving become uniform, is also (14) sf'v 8975-414 £1— *108805 


We have then mC A' V2</(H'— A) = s 8975*414-— — *108895j , an equation which enables 

us to solve the various questions relative to canals furnished with gates at their heads. 

Suppose, for instance, we would determine the quantity A'; we must raise the gate, at tho 
entrance of a long rectangular canal of 4*205 ft. width and *001 slope, in order that tho water may 
have a depth of 2*025 ft.; the width of the gate is 3*009 ft., and the height of tho reservoir 
3*937 ft. Wo take m = 0*70 (32). Wo have then l’= 3*009 ft. ; H‘= 8*937 ; A =2*025; 1= 4 *205 ; 
p = 0 001; s = 4*205 x 2*025 = 11*195 sq. ft.; c = 4*205 + 2 x 2*025 = 9*515 ft. Them 
numerical quantities, substituted in tho equation above, give us 28*209 A' = 35*180; whence A' = 
1*514 ft. 

The Suez Canal . — The plans and sections of tho Suez Canal given in Figs. 18G1 to 1807, are, 
with some trifling additions, the same as those compiled by Sir W. T. Denison from ‘Compagnie 
Universello du Canal Maritime de Suez; Carte gem-rale de I’lsthinc, etc., 1806;' and the pinna of 
Fort Said anti of the Port of Suez, from * Percement de l’lsthwe de Suez: Actea eouatitutifs do la 
Cotnpaguie Universello du Canal Maritime do Suez, avec cartes et plans;’ documents publics par 
F. de Lease pa, the engineer of this great work. Our additions are taken from ‘ Histoiro de 
ITsthme de Suez,’ par Olivier Uitt, 1869. Sir W. T. Denison's paper “On the Suez Canal " was read 
in tho Institution of Civil Engineers, 16th April, 1867, ami afterwards published in pamphlet 
form, edited by James Forrest, the secretary of the Institution. The thick black line in the plan, 
Fig. 1861. indicates tho course, and Fig. 1862 is a vertical longitudinal section, of tho canal ; the 
horizontal lines in Figs. 1861, 1862, are to a scale of *09 iu. to a mile, aud the ordinates. Fig. 1862, 
*01 in. to a foot. Fig. 1864 is a cross-section ut Port Soul, ami Fig. 1863 a cross or lateral of tho 
canal at Suez; the scale of these sections is *008 in. to a foot. Fig. 1865 is a plan of Port Said and 
the harbour on the Mediterranean ; Fig. I860 is a plan of the port of Suez, on the lted Sea: tho 
plans of these places are given to a scale of 1000 yds. to an inch. The motions and actions of tho 
water of tho canal may be calculated, by the rules just established, from the levels, inclinations, and 
dimensions registered on Figs. 1867, 1868, and 1BB4 

Col. Denison, in his notes, as the work was being completed, observed : — The scheme of the Suez 
Canal may be said to comprise two distinct undertakings. The first, and principal, is the con- 
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struction and maintenance of a broad and deep Halt-water channel on one level between Port Said 
on the Mediterranean, ami Suez on the ltcd Sen. The second, preliminary in point of time, and 
indeed essential to the construction, ns well as to the beneficial use of the canal, is the nmintenauco 
of a supply of fresh water sufficient for the wants of the population congregated along the line of 
canal, and specially at its two extremities. 

1863. 


WCAM ItVtLOr MtOIttRHAMtAM 


CQI- IM0CT1AL MICH WATt* TCP > Ci 


The arrangements for the second of theso undertakings hire boon completed. A canal, com- 
mencing at a place called Zagazig, to which water is brought from the Nile by one of the many 
branches from the main stream, has been carried to Hues, passing within about a mile or two of 
Ismailia, the central point of the main canal, and the head-quarters of the establishment of tho 
Company. It is navigable for the wdiole distance, the fall from Zagazig to Suez being overcome 
by locks* From the point where tho canal turns southward to Suez, a branch is carried first to 
Ismailia, where it provides a supply for the inhabitants, and for some hydraulic machinery, by 
which water is forced into a double lino of 9-in. pipes, through which fresh water is carried along 
the side of the canal, supplying the various establishments along the line of about 50 miles in length, 
and a population at Port Said already numbering upwards of 10,000 ; and secondly, for a distance 
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of about a mile to the east of Isma'ilia, within which distance it is made to drop by two detached 
locks to the level of the Mediterranean. At the Suez extremity the fresh-water canal terminates 
in a lock, by which vessels drop into the creek which brings goods and passeugors from the 
anchorage to the town. 

In the immediate vicinity of the anchorage a dry dock, capablo of taking in the largest 
steamer, is constructed. 

The salt-water canal commences to the south-east of outer port, the ground being dredged 
out to the necessary depth, and to a width sufficient to give ample space for the exit and entrance 
of vessels. The canal sweeps away in a curved line towards the north, passing to the eastward of 
the fresh-water canal through the lowest portion of the land, which is, in point of fact, very little 
above the level of the Red Sea. Figs. 1801, 1862. 

At a distance of 1 1 \ miles from the sea, the line crosses a spur from some hills to the westward, 
at a pluce called Chalouf : the cutting here consisted partly of a bed of hard conglomerate, 8 or 
10 ft. in thickness, below which were strata of sand and clay. The surface of the soil at this cut- 
ting was about 12 ft. above the salt-water level, so that the total depth of excavation is 40 ft. I ho 
slope of the side was 2 to 1, and there was left a bench of about 12 ft. in width, 3 ft. above the 
surface of the water; while another bench, 12 ft. below the water, and 9 ft. wide, formed a base 
for the stonework employed to face the upper j»art of the slopes. The stone was procured in part 
from the excavation itself, and in part from quarries on the west shore of the Red Sea, a few miles 
south of Suez. The work here was carried on with a good deal of method. Inclined planes were 
cut in each tank, up which the wagons filled with spoil were hauled by steam-engines, and then 
drawn to spoil-tanks at convenient distances. Pumps discharged the drainage water into a portion 
of an old suit-water canal, said to have been excavated by one of the Pharaohs. 



Soon after leaving this cutting the canal had to pass through the Hitter I.akcs, the surface of 
the water, or soil, in which is nearly on a level with the ltcd Sea. Here the cutting did not exceed 
the ordinary section of the cnnnl. 

The distance between Suez and Isma'ilia is about 50 miles. 

A little east of Isninilin the brunch from the fresh-water canal comes to an end, and passenger 
boats drop by two single detached locks to the level of the Mediterranean, into a salt-water canal 
ataut the same size as the other. For some distance this was only a branch, but at about 2 miles 
from Ismnilia the branch enters the line of the mnin canal, which turns sharp to the left or north- 
wards. and passes through a heavy sand-tank from 40 ft. to 60 ft. above the level of tbo surface 
water in the canal. 

The works here were well executed : tho contractor cut down the face of the excavation, and 
loaded the spoil into wagons; trains of these wagons were constantly in motion, being drawn by 
locomotives obliquely up the slope of the hill, and thence to spoil-banks at some distance on the 
west side of the canal .Some dredging machines were also employed to dee|»cn the channel ; the 
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soil thus raised was discharged into wagons and 
hauled up the bank. The amount of work done 
here was very great, as the sand-hank or ridge ex- 
tended about 5 miles. 

To the north of the sand-bank the canal en- 
tered the beds of some lakes — the soil of which was 
but a few inches above the Mediterranean. Here, 
in places, the soil had evidently a disposition to 
alhfe into the canal ; , as the trilling load of an 
embankment, sufficiently high to cover the fresh- 
water pipes, had forced the hank out, in spite of 
aome piles and sheeting, which bad been driven 
and fixed to support it. This sort of work extended 
the greater part of the remainder of the distance to 
Port Said, about 10 miles from which the canal 
entered Lake Menzaleh, a shallow sheet of salt 
water, through which the lino was marked by 
slight embankments, distant apart the full width 
of the canal. At several points l>etween the deep- 
sand cutting and the shore of Lake Men74deh, the 
canal was ojiened to its full width. Dredging mu- 
chinos wore employed both to widen and deepen 
it, and a great amount of activity and much skill 
were developed at this place. 

The dredging machines were well put toge- 
ther. They were worked by powerful engines, and 
a variety of expedients had to be devised for the 
purpose of adapting them to the work they hail to 
perform in lifting the spoil from a great depth, 
and discharging it at a point above the engine. 

The main work at Port Said, Fig. 1865, was 
the jetly, or breakwater, which protects the port 
against the action of the north-westerly or pre- 
vailing winds. This jetty is formed of blocks of 
concrete, rectangular in form, and weighing 20 
tons. Experience has shown that a bhxdc of this 
size (10 cubic metres) and of this weight is suffi- 
ciently massive to withstand the action of the 
heaviest sea. The concrete is composed of sea- 
sand, dredged from the harbour, and of good hy- 
draulic lime procured from Marseilles, the propor- 
tion of limo to sand being about 350 lbs. of the 
former to a cubic metre of the latter, or about 1 to 
13. Sea -water is used to mix the ingredient*, 
which are well worked and amalgamated iu mills, 
ten of which were driven by one steam-engine. 
The mixture was poured into cases, or frames, of 
wood, where it was allowed to remain four days; 
the cases were then removed, and the blocks sub- 
jected to the influence of an Egyptian sun for two 
months, by which time they became solid enough 
to withstand the actiou of the sea. Each mill 
turned out three blocks a day. 

The contractor engagod to furnish the blocks, 
and to deposit them at appointed spots, for 400 
francs a block. 

The mass will, of course, stand at a ranch 
steeper slope than it would were the blocks of 
smaller dimensions, and there will be a largo spare 
between tho blocks, which will eventually be filled 
with sand drifted in by the am. 

The Suez Canal wan officially opened on tho 
17th of November, 1809. At that time fifty ships 
hod passed from the Mediterranean to the Ecd Sea, 
or n'tc per*?. From the 1st to the 17th of February, 
1870, nineteen vessels, or a little over a vessel a 
day, went through from one sea to the other. The 
successful completion of this great work places its 
engineer, M, do I-csscps, high among the engineers 
of our time. In France ho holds a position similar 
to that held in America by W. J. McAlpine, or to 
tho one that John Scott Russell should hold in 
England. Sec Barrage. O0VCRRI Machine. 
Dredging Machines. Locks and Lock-gates. 
Rivers. 

HW is relating to Cana ft : — Belidor, ‘Architec- 
ture Hy^rauli^ne,’ 4 vols,, 4tn, Paris, 1737-53. 
Lalande, ‘ DesCanaux do Navigation,’ folio, Paris, 
1778. Fulton, 4 On Canal Navigation,’ 4to, 1796. 
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Chapman, ‘ Ou Canal Navigation,* 4to, 1797. C. L. Duerest, * Trait** dTIydrnulitiue,’ 8vo, Paris, 1809. 
Gautlu-y. ‘ (Euvreu/ edited by Nuvier, 4 to, voL iii., Paris, 1810. J. Cordier's Works, published in 
Lille and Paris, 1819-28, D'Aubuisson do Voisina, ‘ Trait*: d’Hydraulique,’ 8vo, Strusburg, 1840. 
Miuanl (C. J.), ‘ Cours do Construction des Canaux,* 4to, Paris, 1841. D. Stevenson, ‘ Canal and 
Hiver Engineering,’ 8vo, 1858. Sir P. T. Cautley’s ‘Uoport on the Ganges Canal,' 1800. Buystttg, 
‘ Handleiding tot do Kcnnis der Wnterbouwkunde,’ 2 vols., 8vo; and Atlas, folio, lluda, 1804. 
H. Darcy, * Recherche* Hydraulique*,' 2 vols., 4to ; and Atlas, 2 vols., folio, Paris, 1805-1800. Paul 
Fruri • On Hi vers and Torrents and on Canals,’ translated by Garstin, 12mo, 18<»8. See also Tracts 
by Isunhardittl, Florence. 

CANDLES. Fr., Chant kites, Bougies; Ger., Kerze; Itai.., CemdeUe ; Stan., Velas. 

lu its natural state, fat of animals is always a&aociuWd with cellular tissue and other foreigu 
matters, which must bo separated before it can be used as candle stock. 

In the process called dry melting, much practis*xl by small manufacturers, the rough suet is cut 
into coarse pieces and exposed to the action of a moderate heat. By the more recent processes, 
the fat is not exposed to beat till it has been subjected to certain mechanical and chemical 
appliances, for the pur|»ose of destroying the tissues. The first-unwed method possesses this 
decided ml vantage, namely, that tho residue or cracklings can be profitably used as food for hogs, 
fowls, and so on. There is, moreover, an economy in fuel, while the simplicity of tho process 
commends itself to the notice of inexperienced manufacturers. Disadvantages, on the other hand, 
arise : an obnoxious smell emanates from the heating of rough tallow which has beeu collected 
and suffered to remain till it has become rancid, and the cellular tissues, blood, or other jiortions. 
advanced towards putrefaction. Fat from animals recently slaughtered does not, however, yield 
any very unpleasant effluvia. Another and more imfiortnnt disadvantage, in an economical point 
of view, is found in the smaller amount of fat obtained, as portions always remain with the crack- 
lings when heated in this manner. The first care of the chandler should be to impress on tho 
mind of his tallow merchant tho importance of a more careful treatment of the rough suet than is 
generally observed by the butcher. The fat ought to l>c freed from the membranous and muscular 
parts, then cut into thin slices and hung up in a cool place, not hcapett up i chile yet warm. By 
operating thus, the disagreeable odour existing before melting, and increased during the process to 
on unbearable degree, can, at least, be delayed for several days. 

First, the fat is chopped, for which purpose cutting machines are often used similar to tho 
straw-cutting table ; sometimes a thin, sharp-edged mince-hatchet is employed, about 2j ft. in 
length. This is held with both hands, and the fat, spread out on a beech block, is chopped into 
small pieces in all directions. A third instrument is a kind of stamp trough with muller, having 
a sharp blade in tho form of an 8, a contrivance frequently adopted for cutting beets. A more 
desirable and valuablo Instrument, however, is the ordinary rotary sausage-cutter. The fat is 
then placed in melting caldrons (hemispherical in form, and in this country made of cast iron), 
which are heated by ojien fire. These caldrons are covered with movable tin-plate hoods, so 
adjusted that, by means of pulleys, ropes, and counter-weights, they can be easily raised or 
lowerccL whilst at the same time they serve to carry off the offensive vapours arising from tho 
heated fat. Water is sometimes mixed with the fat in the caldrons, and this addition is specially 
beneficial when tho fat has been long kept during tho summer months, and thereby lost its natural 
moisture by evaporation. By gradually raising the temperature in the pan, the fat runs from tho 
cells, and the whole is kept boiling from 1 to 1 £ hour. The mixture of water with the fat-bubbles 
imparts to the liquid a milky appearance, but ns soon os tho water is volatilized the fat become* 
clear. During the whole operation of melting and boiling, the ingredients must be constantly and 
thoroughly stirred in order to keep the fat and cracklings in incessant agitation, otherwise piece* 
of uumcltcd suet, coming in ooutnet with the side* or bottom, would become scorched and acquire 
a brownish tint, of which the whole melting would necessarily partake. Scorched tallow is uot 
very readily whitened. For separating the melted fat from the cracklings, it is ladled off from 
the caldron into a fine willow basket, or a copper box ]ierforated at the tjottom with innumerable 
small holes, set over large copper coolers, and allowed to remain undisturbed till all foreign 
matters have settled down. Before it congeals, it should be transferred into small wooden iwils. 

This operation is continued so long as the cracklings yield any fat ; and during tho process 
the heat must be maintained at a moderate temperature, to avoid scorching the materials. When 
the cracklings begin to harden they acquire a darkish tint, and lienee are said to be browning. 
They are then pro— cd, and the fat thus obtained p*«soa*cs somewhat of tho brown colour of the 
cracklings, but not so much as to render it unfit for us*' as soap stock; it may, consoqueutly, be 
mixed with that which has spontaneously separated while heating. 

1 Sew Methods of Rendering . — T he complaints of jjartics residing in the neighbourhood of candle 
and soup works, in consequence of the offensive effluvia disseminated by these establishments, have 
led to tho invention of new apparatus, as well us to the introduction of new processus of rendering, 
until an entire reformation has resulted in the melting process, which we projjoso briefly to describe, 
long experience having demonstrated their utility. 

No doubt the apparatus invented by d’Arcet, of Paris, in 1834, and introduced by the board of 
health of that city, has been tested in other place*, where it did not interfere too much with the 
workmen’s freedom of action, and the ready supervision nf the melting process. As it is, more- 
over, applicable ami may prove serviceable in other branches of manufacture, we hero offer a few 
remarks relative to this invention. 

One essential and valuable feature in hia invention is his suggestion for conducting the rising 
vapours, consisting chiefly of hydrogen and carl*>n, through channels under the grate of the 
rendering pan, and using them as fuel. The pan is also covered with a strong iron plate, tho 
front third of which can bo lifted by means of a knuckle whenever it is necessary for stirring, filling, 
or emptying the kettle. D’Arcet was likewise the first who employed certain chemicals for tho 
purpose of neutralizing or destroying the noisome effluvia arising from the pans. Ilis proimsitions 
are found to be, a* yet, the moat valuable in use. In the process recommended by him, 80 parts, 
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by weight, of diluted ncid (oil of vitriol) are first put into the kettle, then 1000 parte, in weight, 
of ctmpjied fat are grudually added in four equal portions; and lastly, 150 parts of water, to which 
5 parts, in weight, of sulphuric acid of OGP B. have been previously added. The whole is next 
heated. Under the influence of tho acid, which partly destroys, partly solves the membranes, the 
rendering of even greater amounts of fat is effected in 1$ to 2j hours; two hours, however, are 
seldom required. Tho inventor’s proposition of using acids was inado when pans were heated by 
the direct action of the fire ; but now, for various substantial reasons, steam is more generally 
employed. This, however, does not prevent tho gases arising from tho pans being thrown into 
the furnace and thereby aiding combustion. It is obvious, moreover, that in the Imilcr of d’ A root, 
stirring, as well ns filling or emptying tho contents of tho pan. cannot be accomplished so readily 
as in an open ]*an ; nor can these processes be performed without owning the covers, when the 
noisome vapours escape into the room, to the annoyance of the operators. To obviate this, a con- 
trivance similar to that used by distillers in the mashing process could be introduced with decided 


advantage of comfort, as well as of certainty, for keeping up tlu* necessary motion, to proveut 
adhesious to the sides or bottom of tho vessel, and consequent incidental scorching. 

The sumo may be Baid in regard to the pan for boiling fats lately patented in this country by 
W. H. Pinner, who yet claims the conducting of the noxious vajioura into the fire as a novelty. 

Wilson a /Voces* has first been described by Morfit in his ‘Treatise on the Manufacture of 8oap 
and Candles.’ The chief feature of this process is to steam the rough suet for ten or fifteen hours 
in a perfectly tight tank, under a pressure of 50 lbs. to the square inch, or more when lard is being 
rendered. A higher pressure, according to Morfit, is not profitable, for, though expediting the 
process, it produces an inferior quality of fat. No chemicals are used. The ap|toratus consists of 
an upright cylindrical vessel, made of strong boiler-plates, tightly riveted together. Its diameter 
is about two and a half times less than its height, and its capacity amounts to 1200 to 1500 gallons. 
It has a false bottom or diaphragm, below this a pipe enters, which is connected with nn ordinary 
steam-boiler. There is a man-hole at the top, through which tho vessel is filled with the rough 

suet or lard to within about „ 

2J ft. of the top. By a safety- 

valve, tho pressure can be jy r \\ 1 

regulated. There are also if \\ B 2 

some try-cocks, by which tiie m I JL-J& 

state of the contents cau be OK rilXr r _ -A 

examined; if tho quantity J 

of condensed steam in the | E 0 "Vip' 

tank be too great, it will be B Wl 

indicated by the ejection of * p — "' TT j p 

the fatty contents at the top =4$ \ 

one. There is, moreover, a re- T 

gulating cock at tho bottom . 

for drawing off the con-** _") 

demed steam, as well as ' 

cocks in the side of the di- W q 

gester, by which the fatty u I , jft 

materials can be drawn off. v 1 % I UJY 

Through a holo made in the ^ , ' ------ — i 

diaphragm, which can bo ,1 If 

shut and opened at will, the K 

residual matters can be let 'W \ / 

FoucKtft Process is one of \y 1 i L 

the most perfect. Fig. 1868 LJ 

represents a vertical, and 
Fig. 1869 a horizontal sec- 
tion of the apparatus, as 

used by the inventor, after 1H69 1 

the line 1 — 2 in Fig. 1868. 

Fig. 1870 is a transverso sec- 
tion after the line 3 — 4 in 
the same figure. Tho vessel 
has a copper domo B, fas- / / 

dome is a hole G for intro- J /// 

ducing fat, Laving a oovor, 'Tit, i,fw( (( \\ \\ \\ 4xu\ 
which may be lifted by a H 1 tUTT^j I I' Kl (TkIi 1 il V \\ II lloTHr^ MOOOJ 

chain going over a pulley, L—JjT/V \ \\ \ vEV \\V 1 vU Juj J I 11) lri$~ 
and the margin of the cov er l \\\ jj II jj 

by clamps. Thu cover has 

Hide, which can be shut by 
a valve fastened to the lever 

D. E is a cop on the domo 
with the eduction-pipo for 
vapours, and I* P is a safety- 

valve, with a conn ter- weight R. There ia, moreover, an enter valve for the passage of air, cither when 
filling or emptying tho vessel, as well os a box for a thermometer. The vapours escaping through P 
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(which may be opened by the faucet 0), pas* into U for the purpose of being condensed there, or, 
when not condensed, for escaping through X. F is a worm, which fastened to the stays G, Fig. 
1869, lies on the bottom of the vessel. Through L L steam is introduced from a boiler, and 
through M passes back into the same boiler. H H is a small pipe entering into the vessel A, 
through which steam also passes into the vessel, mainly for the purpose of keeping the melted fat 
in agitation. J is a tula*, having a sieve at its upper end, and a movable crank below, bv which it 
is fastened to the faucet V. If the vessel is being emptied, the tube J is gradually let down until 
its up|>cr port, with the sieve, reaches the bottom. The fat is then jmssed through J and Y, and 
through a line sieve outside the vessel, which acts as a tiiter. In this, 1000 lbs. are first introduced 
with 80 11m. of water ; 2 fa lbs. of sulphuric acid of 66°, previously mixed with 10 lbs. of water, are 
then added. Steam is next turned oil, which, as described, passes from the generator through tbo 
worm, and must have a tension of three atmospheres, or a temperature of 255- F. In the vessel, 
however, a tension of 1£ atmosphere is sufficient, and when this is reached, the safety-valve is no 
longer charged with weights. The vapours formed in the vessel are conducted through X into the 
hearth of the steam-boiler furnace, so that all the noxious odours (which, however, by the action 
of the sulphuric acid, are diminished, but not destroyed) are thus conveyed from the working- 
rooms. 

Arrrntf* Process. — In its features, the apparatus used by this inventor very much resembles that 
of Wilson. The process, however, is bast'd on the application of caustic lye, in the proportion of 
25 gallons (each containing T *- to } lb. of solid caustic soda) to every 250 to 850 lbs. of rough tallow. 
It is the object of the application of the lyc, os in d’Arcet’s process, to dissolve the membranous 
parts, so that no preliminary mincing be necessary. For boiling the fat, steam is employed. As 
the alkaline lye is heavier than water, it will also, after the boiling is completed, more easily sub- 
side. It is then drawn off, and the fat left in the tank is again Ik tiled with successive portions of 
fresh water, for the better aejiaration of which, this comjKtund is left for twenty-four hours in a warm 
liquid state before being drawn off into the coolers. 

Stein’s Process. — A mixture of slacked lime and small pieces of fresh-burnt charcoal is prepared, 
and spread upon a coarse cloth stretched over a hoop, of 2 in. in depth, aud the circumference eorro- 
tqtonding with the size of the pan. During the pnwess of rendering, it is securely adjusted by 
suitable catches above the pan. The rising vapours from the latter, in necessarily passing this 
chemico-niechanical arrangement, arc said to be entirely absorbed, so that thus nil cause of com- 
plaint against tallow factories as health-destroying nuisances would be effectually removed. 

Clarifying Tallow. — By mere melting and straining wo do not obtain a fat entirely free from 
admixture of fine, undisttolvcd substances. For sejNirRting these substances, therefore, it must bo 
clarified. This is done by remelting it in water, either on free fire or by steam. Generally, no 
more water than 5 per cent, is taken, and stirred well with the fat till the mixture becomes emul- 
sive. The whole is then allowed to rest, without further heating, till the water has se}iaratcd, 
when the fat may be drawn off, or dipped off. Sometimes, in order to conceal the yellowish tint, 
a very little blue colour is added to the clear fat, consisting of itidigo rubbed finely with some oil, 
of which a few drops are sufficient even for large quantities. The process of clarifying is occasion- 
ally rejieated. 

At the line of demarcation between the water and fat, a grey slimy substance is often percep- 
tible, and the liquid itself is turbid. Instead of pure water, some tullow-melter* take brine or 
solutions of alum, saltpetre, chloride of ammonium, or other Balts. According to I)r. Orazio Lugo, 
these agents have no chemical action upon the fats, but simply induce a more rapid settling of 
the impurities and water, principally when strong agitation is used. 

Hardening of 1 ’allow by Capaccionfs Process. — In 1000 part.-, of melted tallow, 7 parts of sugar of 
lend, previously dissolved in water, are stirred, during which process the mass must be constantly 
agitated. After a few minutes the heat is diminished, and 15 parts of powdered incense, with 
1 part of turpentine added, under constant stirring of the mixture. It is then left warm for 
several hours, or until the insoluble substances of the incense settle to the bottom. The hardening 
is produced by the sugar of lead, yielding a material similar to the stearic acid, while the incense 
is improving its odour; it is also mud that by this treatment the guttering or running of the candles 
is entirely prevented. 

Cassgmmfs Process for Bleaching Wax. — By this process, the blenching of the wax by the sun 
and air is not prevented, but much time saved. The inventor first melts the wax with steam, 
which together pass through long pipes, so that a largo surface becomes exposed to the steam. 
After traversing the pijies, it is received into a pun with a double Itottom, heated by steam ; it is 
therein treated by water, left quiet for some time until its impurities are settled. It is then forced 
aucw through the pipe together with the steam, washed a second time, and, if necessary, this process 
is repeated a third time. Probably water is absorbed by the wax, thus rendering it more easily 
bleached. The following is the arrangement of a bleachcry : — 

Stakes or poets are driven into the ground, and 2 ft. from the ground 1 wig-clot lies arc stretched 
over them, or table-like frames are made from strips, and cloth stretched over the frames in the 
same manner as a sucking-bottom is stretched over a bedstead, care being taken to fasten the ends 
of the cords to the posts sufficiently firm as to prevent them loosening by the wind. This done, 
the wax ribbons are spread upon the cloth in a thin lnyer. It is important that the place selected 
for this arrangement be so that the sun’s rays may have full play upon the exjiosed wax, but at 
the same time protected from the prevalent winds. The ribboned wax is daily turned over, in 
order that fresh portions of it may be affected by the sun ; ami should it not l>e sufficiently moist- 
ened by the dew or rain, soft water is jKiurcd over it. When it is not gradually becoming whiter, 
but still continues yellow upon the fracture, it is remelted, ribboned, and ngain blenched. The 
contiuuanco of the blenching process necessarily varies, depending, as it does, upon the weather; 
often one exposure to the sun and air suffice* to blench it, and no remelting is requisite. Four 
weeks are generally sufficient. The bleached wax is finally fused into cakes or square blocks, 
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previously moistening the moulds. As fust as the wax congeals, the oaken are thrown into a tub 
of clean, cold water, and then taken out and spread Upon a pack-thread sieve for draining. Event- 
ually, they are dried and packed in boxes for the market, the loss being from 2 to 8 per cent. 

VVYcta. — In the present day we designate the wicks as twisted and plaited ; the former, loosely 
twisted, and the fibre presents the appearance of a spiral similar to the separate strands of a rope; 
the latter, now generally adopted for most kinds of candles, is made by interlacing and crossing 
the strands of the wicks in the same manner as plaiting straw of bonnets. Common wicks are 
simply an aggregation of several loosely-twisted threads forming one general cord of many fibres. 
This is effected by the ball winding machine, an apparatus of a very simple construction. 

For cutting wicks, Sykes’s Apparatus is in very general use, es|Hxually for tallow-candle wicks, 
which must be soaked with tallow at one end. 

Fig. 1871 represents a vertical, and Fig. 1872 a horizontal view of it. c c ore spools on which 
the wicks arc wound. 6 is a roller with grooves cut around it, by means of which the wicks are 
conveyed into the clamp </, represented in Fig. 1873 on a larger scale, anil as seen from the side. 




It consists of two wooden frames, which are made tapering from the middle towards the cud. On 
each side there is a feather of steel attached, for the purpose of holding the frames, with a space 
between them, which may bo diminished by sliding the feathered clamps ee towards the middle, 
or increased by drawing them towards the end. Immediately behind the clamp there is a cutting 
apparatus, consisting of an immovable /'and a movable blade /, with a handle, g is a small vessel 
filled with liquid fat (which may be kept from solidifying by steam), and a board i lying on the 
lathe h. 

The nso of tho apparatus is os follows ; — The ends of the wicks, wound upon the spools ecc, are 
passed through the frame rf, properly tightened by the clamps cc, so that all the wicks are kept 
firm. The knife / of tho cutting apparatus is then lifted out of the way; the frame, with the 
wicks enclosed, is drawn backwards to the vessel «?, and the ends of the wicks dipped in the 
melted fat; this done, the fat-soaked ends are drawn farther back and placed under tho weight I, 
which holds them firmly while the clamps are loosened on the frame, and this returned to its first- 
described position and again tightened. Tho knife is next used, cutting all the wicks off at a 
stroke, then elevated, and the process repented till a sufficient number of wicks are out. 

Tho thickness of the wicks, w'o may here remark, varies according to tho diameter of tho 
candles and the material of which they are made. The number of tho cotton threads requisite to 
form a wick also varies according to their firmness. Scarcely two chandlers, however, observe tho 
same rules in these respects. Tho yarn is composed of a slack-twisted cotton thread ; No. 16 
generally for plaited, and smaller, such as 8-12, for common wicks. 

Ilolley has published tho appended index relative to tho thickness of wicks. The yarn 
employed is No. 16. 


For tallow candles, 8 per lb., the wick contains 42 threads. 

„ 7 „ 45 „ 

„ 6 „ 50 „ 

„ 5 » 55 » 

» * » » 

These wicks, composed of ten, twelve, or even sixteen cords, aro very loosely twisted, and form 
a kind of hollow tube. 

For stearic candles, tlirec-cordcd plaited wicks aro generally used, smaller in size and of finer 
yam. As, for instance — 

Stearic caudles, 4 per lb., the wicks consist of 108 threads. 

„ 5 „ »6 n 

„ 6 „ 87 „ 

„ 8 - 63 „ 
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Preparing Wicks . — This is done by the so-called trick-mordants, by means of which they are less 

combustible, especially those for stearic acid, and composite candles prepared. For this purpose, 
compounds composed of solutions of ammoniac salts, of bismuth, of borates, or boracie acid, aro 
used. Some of the receipts given in the journals and books devoted to technology are good as far 
as the quality of the substances is concerned, but not ns regards the quantity. The recommended 
solutions art* generally too strong. This may be said most assuredly of the following (Smitt’s) 
prejiaratinns for wax-candle wicks. Ho recommends 2 ox. of borax, 1 ox. of chloride of calcium, 
1 ox. of nitrnte of potash, 1 oz. of chloride of ummonium, to lie dissolved in f gallon of water, and 
afterwards dried. 

A simple and cheap mordant for wicks consists in a sal-ammoniac solution of 2° to 3 3 B. 
This concentration is strong enough, and if a weaker one lie used, a sjwirk will remain on the wick 
after the candle has been blown out, and burning down to the fat, make relighting more difficult. 
Before moulding is performed, the wicks, having been saturated, are thoroughly dried in a tin 
box, surrounded by a jacket, in which steam is introduced. Instead of the sal-ammoniac, phos- 

C hato of ammonia is used iu some factories. A very good mordant is also a solution of 2 A ox. 

orncic acid in 10 lba. of water, with i of an ounce of strong alcohol, and a few drops of sulphuric 
acid. Some mordants, we are aware, have becorao unpopular. The fault is in the nature of the 
crude cotton, which does not always readily become moistened ; consequently, from not having 
completely imbibed the mordant, portions or the thread remain unsnturnted, and are not equally 
combustible with the others. An admixture of alcohol will possibly remedy this defect, inasmuch 
as cotton is easier moistened in diluted spirit than in pure water. 

Dips , — These candles are made by stringing a certain numlior of wicks upon a rod, and dipping 
them in molted tallow repeatedly. Though math? in large quantities, they are only manufactured 
in comparatively small establishments. The process is very simple; it is as follows: — The clari- 
fied and remelted tallow is pound into a tightly-joined walnut or cherry trough, 3 ft. long by 2 ft. 
wide, and 10 to 12 in. wide at the top, gradually diminishing to 3 or 4 in. at the bottom. A 
handle is fixed on each end for its easy removal, and when not in use it is doted with n cover. Tho 
operator commences by stringing sixteen to eighteen wicks at equal intcrvnls on a thin wooden rod, 
about 2$ ft. long, and sharpened at the ends. He then takes ten or twelve such roils and dips the 
wicks rapidly into the fluid suet in a vertical direction. This suet should bo very liquid, in order 
that the wicks be soaked as uniformly as jstssible, after which tho several roils are rested on the 
ledges of the trough, when, if any of tho wicks l>o matted together, they are separated, and tho 
roils so placed on a frame, having several eross-piecea, that the uncongealed tallow from the wicks 
may drop down, and while this is going on, which continues till the tallow is cooled and solidified, 
the oprnitor is rngagod in preparing another bitb-h "f rods. Tin- fat in the trough, meanwhile, 
is so far cooled that in immersing the first dip again a thicker layer will adhere to the wicks. It 
is considered, we may observe, that when the suet solidifies at the sides of the vessel, the tempera- 
ture is tho most convenient for the object in view. It is, moreover, sometimes necessary to stir tho 
ingredients to produce a uniform admixture, and in such cases much care should he taken so that 
no settlings be mingled with the inass, whilst by the addition of hot tallow any desired tempera- 
ture may he obtained. The tallow on the wicks between each dipping becomes so gradually 
hardened, that at the third or fourth immersion new layers necessarily solidify ; as a natural con- 
sequence of the method of dipping, tho lower ends of the wicks become thicker than the upper, to 
remedy which the lower ends are again put into tho melted fat for a few minutes, when the heat, 
as a matter of course, diminishes their dimensions. The process of dipping is continued until the 
candles acquire the requisite thickness. The conical spire at the upper end is formed by 
immersing deeper at the last dip, and if, eventually, the candles are too thick at the lower end, 
they arc held over a slightly-heated folded copper sheet, so that the fot may melt, but not bo 
wasted. 

For tho pur]mec of saving time, many mechanical arrangements havo been devised and com- 
plete^ one of the moat useful and used of which, involving the least outlay and requiring only ono 
operator, is the Ediububoh Candle-wheel, Fig. 1874. 

Tho following is a description of it; — A isn. 

strong vertical post A is mounted on pivots, 
resting on a block T, and attached at the top 
in a beam 1* P, so that it can revolve freely 
on its centre. In tho npright j>ost A, six 
mortices aro cut at short distances from each 
other, and crossing one another at an angle of 
60°. Each of these six mortices receives n bar 
D. which swings freely on a pin C, run through 
the centre of the bar E and (tost A. At the 
extremity of each liar is suspended a frame E, 
containing six rods, on each of which an’ hung 
eighteen wicks, making in all 1296 wicks on 
the wheel. As the liars B arc all of the 
same length, aud loaded w ith nearly the samo 
weight, it is obvious that they w ill all natu- 
rally assume a horizontal position. In order, 
however, to prevent any oscillation of the 
machine when turning round, the levers are 
kept in a horizontal position by means of small 
chains H It, ono end being fixed to tho top of 
the upright shaft, and tho other in a small block of wood M, which exactly fills the notch F. 
Notwithstanding its appearance, the machine is very easily turned round, and, when in motion, each 
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port, ivs it successively pusses over tho tallow-kettle H, in its water-bath, mounted on a furnace K, is 
gently pressed downwards by the handle S. liy those moans the wicks are regularly immersed 
in the tallow, and the square pirn* M (when the handle S is pressed down) is thrown’ out of the 
notch by the small lever O, inserted in the bar B. In order that, when the operator raises the 
port, tho piece M may return to its proper position, a oord is attached to it, passing over the 
pulleys V V, and regulated by the weights W W. In the bars 1) several holes are bored, by means 
of which they may be heightened and lowered at will. 

It may be readily perceived, therefore, with what expedition the whole operation is performed 
(and that hxi by one operator), the porta being not unnecessarily removed after each dip, and the 
process of congealing being much accelerated, os the candles are kept in constant motion through 
the air. In moderately cool weather not more than two hours are necessary for a single person to 
finish one wheel of candles of a common size, and that if six wheels are completed in one any, 7776 
candles will be manufactured in that space of time by one workman. 

Moulds . — For moulding, besides the common metal moulds (a mixture of tiu and lead), moulds 
of glass are sometimes used. The former are slightly hi poring tubes, varying in length and dimen- 
sions according to the size of the candle to be manufactured, and, when required, are arranged 
in regularly perforated wooden frames or stands, with the smaller end downwards, forming the 
upper or pointed part of the candle. At this smaller end, the wick, previously saturated in melted 
fat, is inserted, filling the aperture, and, passing up the centre, is fnstem.il perpendicularly at the 
opposite, that is, the upper cud of the tube, to which is attached a movable cover. The melted fat 
is then poured in, generally with a small can, hut a tinmd iron syphon is better. It is requisito 
that the tallow should completely fill the mould, that it should remain uncracked on cooling, and 
should lx* easily removable from the moulds. This cau. however, only l*i obtained w hen the fat at 
the sides cools more quickly than that in the interior, and when the whole candle is rapidly cooled. 
A cool season is, for this reason, far better; but a certain condition of the tallow, namely, that 
which it possesses at a temperature very near its melting-{>oint. Is absolutely necessary. According 
to Knapp, candle-makers recognize the proper consistence of the tallow for moulding by the 
appearance of a scum upon the surface, which forms in hot weather between 111° and 119° F., in 
mild weather at 108°, and in cold about 104°. The tallow is usually melted by itself, sometimes, 
however, over a solution of alum. The candles arc most easily removed from the mould the day 
after casting, to l>e cut and trimmed at the base. 

Mwddiioj . — Moulding by hand is a very tedious operation, and only practised in the smaller 
factories ; in more extensive establishments, where economy of time anu lalxmr is a consideration, 
machinery is employed. 

KnuldCs Moulding Apparatus . — Fig. 1875 represents a vertical transverse section through one of 
tho mould-frames, exhibiting tho candle's drawn from the moulds. Fig. 1876 represents a top view 
of a row of moulds, showing the clamp in place ready 
to centre the wicks. The moulds are mounted upon 
cars, for being carried from place to place as required, 
each capable of conveying several dozens, which aro 
heated to about the temperature of the melted fat l>y 
running the car into an oven. Tho moulds thus hentni 
are carried by ears to a caldron containing the melted 
fat, with which they are filled. The car is then attached 
to one of the empty trucks and allowed to remain till 
the candles are cooled, when it is moved to an appa- 
ratus, by means of which the candles are drawn and 
the moulds re-wicked, and again ready to be healed and 
filled. 

To facilitate the transference of the moulds to dif- 
ferent (arts of the room, the cars on which they aro 
mounted are carried about on trucks fitted with rails at 
right angles to the track on which they run : so that 
the car with the moulds can be carried forward or back 
by tho truck, and run to tho right or left on its own 
wheels upon lateral tracks at will. 

In Fig. 1875, m m represent moulds mounted on two 
horizontal boards a and 6 (in which round holes aro 
cut) and tightly screwed at the upper end. around 
which a thin wooden frame is attached, three-fourths of 
which is firmly fastened, whilst tho other one-fourth 
forms a slide. The lower end of the moulds rests on 
pieces of vulcanized india-rubber o, let into the cross- 
bar e; each piece of india-rubber being pierced with 
a hole somewhat smaller than the wick, and as the 
w ick is passed through this hole, the latter compresses 
it so tightly as to prevent the fat from leaking out. 

In like manner, the leukage is prevented hot ween tho 
bottom or tip n by tho pressure of the mould upon tho 
india-rubber. The spools K hold tho wicks firmly and centrically scoured by clamps, as seen in 
Fig. 1876. On the ledge c, moreover, of the bottom a there are four pins «, which tighten tho 
clumps ;, Fig. 1876, by means of small holes g h. On one side F of the clamp there are also 
toothed .jaws, in which the wickB fit exactly, that is, they arc thus kept vertical aud in tho 
centre of the moulds. 

The construction of the clamp, Fig. 1876, is such that the arm working upon a joint at g, and 
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being brought against the arm F, falls into a groove mado in its length, so as to press and kink tho 
wicks in said groove, and fasten them firmly there by means of tho spring catch K. The object of 
this is, that in raising the candles from the moulds by this clamp they shall not slip nor move. As 
the candles are lifted out of the moulds (as in Fig. 1875), the wicks are drawn after them from the 
spools K, and are then clamped in position in tho manner described. The wicks are next cut off 
auovo the lower clamp, the candles with the clamps removed, wheu, by sliding off the spring catch 
K, the spring S, between the jaws 1 t , causes the arm j F to separate and release the wicks. 

Composite Candies. — lYrophane . — The mode for manufacturing this block is the following: — Melt 
together, over a water-bath. 100 parts of stearic acid, and 10 to 11 parts of bleached beeswax; but, 
to ensuro success, the mixture must remain over tho bath from 20 to 30 minutes, and without being 
stirred or agitated. At the end of that time, the fire is to be extinguished, and the fluid allowed hi 
cool until a slight pellicle is formed on the surface, when it is cast direct into the moulds, previously 
heated to the same temperature, but with the precaution of avoiding stirring the mixture, as a dis- 
regard of it would cause opaqueness of the mix tun*, instead of transparency. 

Transparent Bastard Bougie, by Debitte, of Paris. — For 100 lbs. of stock take 90 lbs. of sperma- 
ceti, 5 11m. purified suet of mutton, and 5 lbs. wax ; melt each separately over a water-bath, and to 
the whole, when mixed together, add 2 oz. of alum and 2 oz. of bitartrate of potassa in fine powder, 
and while stirring constantly, raise the heat to 176° F., then withdraw the fire and allow the mixturo 
to cool to the temperature of 140° F. When tho impurities subside, tho clear liquid must bo drawn 
off into clean pans. For quality and good appearance, candles made of this cooled block are more 
than proportional to its cost. Morfit recommends to substitute plaited wicks for the foregoing 
mixture to the wicks generally usod for composite candles, and to prepare them by previously 
making in a solution of 4 oz. borax, 1 oz. chlorato of potassa. 1 oz. nitrate of potassa, and 1 oz. sal- 
ammoniac, in 3 quarts of water. Alter being thoroughly dried, they are ready for moulding. 



Diaphane . — It is, like the block for cerophane, an invention of Boilot. and made by melting 
together, in a steam-jacket, from 2} to 17$ lbs. of vegetable wax, 1 J to 10$ of pressed mutton tallow, 
and 22 to 4fi lbs. of stearic acid. Both the latter and tho vegetable wax are the hardening ingre- 
dients. Ily changing tho proportions between the above limits, a more or less consistent mixture 
may be formed. As concerns the moulding, it is performed in the same manner ns for stearic-acid 
candles. 

Parlour Bougies, similar to Judd ’ s ** Patent Candles .** — Although not bougies, a name which, pro- 
perly speaking, is only applicable to candles of wax alone, the similarity of these candles to those 
of wax has induced the aforenamed title for them. According to Morfit, their mode of manufac- 
ture is as follows Melt slowly, over a moderate fire, in a well-tinned copper kettle, 70 lbs. of 
pure spermaceti, and to it add piecemeal, and during constant stirring, 30 lbs. of best white wax. 
By increasing the proportion of wax to 50 lbs., the resulting product is much more diaphanous : 
however, the bougies moulded of this mixture are not as durable as candles made exclusively of 
wax. They are tinted in different colours. For red, carmine or Brazil-wood, together with alum, 
are used. Yellow is given with gamboge, blue with indigo, and green with a mixture of yellow 
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Mid blue. Sometimes the boogies are perfumed with essences, so that iu burning they may 
diffuse 1 an agreeable aroma. 

A still more transparent and elegant bougie is made by adding only lbs. of wax to 100 lba. 
of pur**, dry sj>cnn, and tlie candle* made of the block formed in these proportions resemble very 
much the “ patent candles" of Judd. 

Composite ( andles. — The block for these candles is made by adding a portion of hot-pressed 
cocon-stcarine to stearic acid of tallow. It is an excellent aud economical mixture, iu which tho 
red, carbonaceous flame of tho latter ingmlient is improved in illuminating power by tho white 
and more hydrogenated flame of tho stearine. 

u Belmont Sperm ." — It consists merely of a mixed stock of hot-pressed stearic acid, from jjelm 
and cocoa-butters. Palmitic acid coloured by gamboge is called Belmont ■ rax. 

Harrison Home's Machine for manufacturing Candies, Figs. 1877. 1878. — It, Fig. 1878, is the 
receiving-chamber, surrounded by a steam-jacket BB, Fig. 1877, roM JV, Fig. 1878. The tallow 
is forced from this receiving-chamber into supply-cylinders I/, Fig. 1877, MQ8, Fig. 1878, where 
it is acted upon by a plunger N, which force* the tailow into the sjsice in front of a tubular pluuger. 
This tubular plunger contains the candle-pressor and the wick-tubc a. Tho tallow is pressed into 
the mould R, then ejected from the mould, and the wick-tube drawn lmek ; the wick lieing held 
by a clamp d , is severed by the drawn shears W. The lovers pp and the reacting springs repeat 
tho motion. Uj»on leaving tho mould R thu candle enters a mould Y, which is surrounded by ico 
or cold water. From mould Y tho candle is forced on to arms A* 3 , which are operated by levers A, 
ond convoyed to an endless carrier fj. Tim reels TT are used in combination with the dog U for 
the purpose of Limiting the let-off motion of tho wick. P* is a fixed support ; E bevel goor ; and 
C t; feed-screw. 

CAOUTCHOUC. Fn. t Caoutchouc ; Ger., KautscJiuk; Ital., Comma thistica ; Span., Cautchuc. 

Soo O TTT A-PERf 'HA. I MDIA-BFBBKR. 

CAPSTAN. Fr^ Cabeston; Grh., Bpill (Schijfswinde); Ita l., Argano ; Span., Cabrestantc. 

See Mechanical Powkks, Wheel and Axle. 

CARDBOARD-CUTTING MACHINE. Fb., Machine a camper let cartons; Ger., Korten- 
tchneidmaschine ; Ital., Macchina da tmjlutre cartoncini ; Span., Guillotina. 

See Paper Machinery. 

CARDING ENGINE. Fa., Machine hairier; Ger., Krampelmtschine ; Ita I.., Afacchina da 
cardare ; Sl'AN., Girds. 

See Cotton Machinery. 

CARPET-BEATING MACHINE. Fa., Machine a battre des tapis ; Ger., Teppichrcinigungs 
Machine ; Itai.., Macchina da battens i tappet i ; »Spa\* m Mdptiwt pint apatcar. 

The Carpet Beating and Cleaning 
Machine of G. P. Mitchell, Fig. 1879, 
is constructed with a shaft K that 
drives a number of countor-almfts P, 
upon which endlesa rojies e aro ar- 
ranged. 

The carpet, carried and moved by 
the rones c, meets with the whips A, 
worked by rock-shafts S, V, and thus 
the carpet is beaten ; it is then paired 
between cylindrical brushes Q Q, which 
effect the cleaning and brushing. 

The machine is fixed in a frame- 
work J,G, F, and may bo temporarily 
placed in a field or an incloMure. 

CARRIER. Fr., Mot eur ; Ger., 

Mitnchmcr. 

Hoc Lathe. 

CARTRIDGE. Fr., Cartouche; Gkr., Batrone ; Ital., Cartnccia; Span., OurfwcAo. 

See Ordnance. Small Arms. 

CARVING MACHINERY. Fr., Machine a (oilier en bois; Gr.R., Halzschnitrmaschine ; Ital., 
Macchina da intagliare ; Span., Mdquimt para toUar. 

Soo Laths. 

CA8E-HARDENING. Fb., Trempcra la roleTc; Ger., H'urten , Hartguss; Ital., Temperare a 
pace he (to ; Span., Aceradopor fuero, 

Soo Anvil. Auger, p. 201. Iron. Stefx. 

CASEMATE. Fr., Casemate ; Ger., Cascmatts ; Ital., Casamatta ; Span., Casamata. 

See Fortification. 

CASK MACHINERY. Fr., Machine a monter les futaiilcs ; Gkr., Maschine zum binden der 
Fasser ; Ital., Macchina da far barili ; Span., Moquinaria para hacer bnrriles. 

Sec Stave-making and Cask Machinery. 

CASTING AND FOUNDING. Fb., Fondre ; Ger., Giessen ; Ital., Arte del femditore ; SrAN., 
Fundicion. 

Hoe Founding and Canting. 

CATAPULT. Fb., Catapulte ; Ger., A 'atapulte, Wurf maschine ; Ital., Catepulta ; SrAN., Catapulla, 

Tho engine used by tho ancients. Fig. 1880, termed a Catapult , possesses several mechanical 
properties which deserve particular attention. 

This engine, says Rarnellus, writing in 1620, which we have borrowed from tho ancients, is of 
great service in defending a town from assault. Its use is to throw large quantities of stones, 
iron, balls filled with fire, and other noxious substances upon the enemy. The following is its 
inode of construction. o n 
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Upon « base or platform A B t Fig. 1880, ore placed, in n vertical position, seven stout suj>- 
porto C I) K F (i II 1 ; those support* arc joined together and strengthened by horizontal nieces 
firmly fitted to them in the middle. The arrangement of the several smaller ports, such as wheels, 
screws, bolts, and so on, will be better understood from the figure. To the tops of tho four sup- 
ports F Q II I are affixed, in the manner shown in the figure, three pieces K L M, connected 
at one extremity by a cross-bar and terminated at the other extremity by a kind of trough or 
sjioon, of a sufficient capacity to contain a considerable quantity of stones or other matter which it 
is required to throw upon the enemy ; tho opposite end of each of these pieces is weighted to 
counterbalance the load of missiles. Tho pieces themselves being suspended by means of several 
double cords, great force mny bo communicated to them by twisting tho cords; tho force thus 
obtained is considerably increased by the pressure of the part N O, which is affixed to the throe 
front supports C D E in the same manner as the pieces we have been considering. The |»rt 
N () is al .vi connected with the lever 1* by means of a coni attached to it- lower extremity. This 
lever 1* is designed to throw balls or pots filled with fire, or other similar missiles. 



The mode of pre paring the engine for action may Ik; thus described : — A rope is attached by a 
hook to a ring on the middle receptacle, the other end of which rope is passed round a drum 8; 
this drum is made to revolve by means of the perpetual screw T. The three receptacles are in 
this way brought down, and the lever I* is raised; tne ojcratioii, by tightening the twisted cords, 
increasing tho recoil. They are then fixed in this position by a holt Z. The receptacles are now 
filled with missiles, and the engine is ready for action. When the bolt Z is withdrawn, each of 
the pieces acted upon by the twisted cords, Icing liberated, recoils with great force. Tho ends 
of the levers carrying the missiles are brought violently against the ropes Q and 12, and the 
force of the concussion hurls the charge to a great distance. 

The engine is removed from place to place by means of perpetual screws and toothed wheels 
fixed to the spindles of the screws and working into cavities in the two wheels 5 and 6, upon 
which the engine rest*. Two men are thus sufficient to move and guide it. Tho five feet upon 
which the engine rests when stationary are firmly fixed into the ground with iron cramps ; during 
its removal from one place to another these are turned up. 

The cords should be made of the same material and in the same manner ns the counter-boss 
strings of a violoncello. Bee Angular Motion. Inertia. Pendulum. Projectiles. Reaction. 
Velocity. 

CATHETOMETER. Fr., Cathetometre ; Ger., Cathetomcter ; Ital., Catetometro ; Stan., Catet6~ 

metro. 

Bee Materiaia or COKOTtrOTION ; Elastinty of Traction ; Elasticity of Torsion; Elasticity of 
Flrrttrr ; Tenacity ; and iMtctility. 


Digitized by Googld 



CEMENT. 


931 


CEMENT. Fit., Cimmt ; Ger,, Ce went; Ital., Cimenio ; Span., Cimcnto. 

As the many varieties of cement which have daring the last seventy years been more or less 
need for building purpose* are now nearly superseded by the more valuable and better understood 
Portland and ltomnn cement*, it is deemed unnecessary to describe them, more especially as they 
are now becoming, if not already, obsolete. 

Portland and Homan cements, although frequently used for similar purposes, vary materially 
in their qualities. The former, rapidly superseding the latter, is an artificial preparation pos- 
sessing many valuable proj»ertios which recent engineering works have been instrumental in 
developing. 

Portland cement is mode from on intimate and perfect admixture of chalk and clay, in varying 
proportion*, according to their respective values — that is to say, the relative proportions of car- 
i smote of lime in the chalk, and silica and alumina in the clay— the other chemical constituents 
being too insignificant for consideration when the suitable kinds of chalk and clay arc* selected. 
Generally shaking, a proportion of 20 per cent, of clay may bo considered the right quantity, 
provided it does not contain more tlmn lo percent, of ferruginous matter in iron oxides. The beat 
selected materials used in making this cement in England contain the following ingredients i — 


Chalk. 


Clay. 


Lime 

.. fid *5 

Kilica 

.. 08*45 

Carbonic acid 

.. 43 0 

Alumina 

.. 11 84 

Water 

o;» 

(_’h. lime 

.. 0'75 



Oxide of iron 

.. 14*80 



Soda aud kali 

.. 4*0 


The method of preftaration usually adopted is to combine these two materials in the most inti- 
mate and perfect manner. To effect ibis satisfactorily tho whole is reduced to a soluble condition 
by the aid of water through the agency of different mechanical arrangements, and on the perfec- 
tion of this process the future success of the manufacture depends; imperfect or irregular propor- 
tions of clay or chalk resulting in a eement disastrous to the manufacturer, and dangerous if used 
in works of construction by the engineer or architect. The mixture is posMcd into reservoirs, and 
tho water of solution drained off by decantation. After the necessary interval of time has elapsed, 
the raw material, os it may now be colled, is desiccated, and immediately thereafter placed in 
suitable kilns, where it is decarbonized, and then becomes what is technically termed clinker. 
From the kilns it is removed to tho grinding and pulverizing mills, where the final process of 
reduction is effected, aud the cement then becomes suitable for all tho varied purjKxses to which it 
may be applied. 

The system of manufacture thus briefly deecrilxsl is simple in character, and on due and intel- 
ligent watchfulness being exercised by the manufacturer satisfactory results are easily obtained. 
The process i* necessarily a dilatory one, and considerable time must elapse before the raw mate- 
rial can be converted into a marketable commodity. Under ordinary circumstances, a period of 
from two to three months is required to make Portland cement. This difficulty has led some 
manufacturers to a consideration of the question of superseding the tedious operation of washing 
or mixing by that of the dry process. Hitherto all our attempt* at improvement in that direction 
have not been attended with much success. Some progress Las. however, been attained in Germany 
by the manufacture of Portland cement without the necessity of using large quantities of water 
for the mixture! of the row materials. Should this improvement be capable of adaptation in 
England, a considerable reduction in the price of the cement will necessarily follow. 

Dy any system of cement manufacture the primary object is the thorough amalgamation, in the 
minutest form, of the raw materials, so as to realize to the fullest extent the maximum value of 
the combination in subsequent stages of the process. For even the most accurate proportions of 
chalk and clay will not accomplish the desired end unless the comminution of the various par- 
ticles is perfect and complete. The wet system, as the English method may lie colled, aim* at and 
indeed accomplishes the required desideratum in the simplest and least expensive manner. The 
dry, or German system, as it may l*e distinctly named, likewise succeeds in thoroughly amalga- 
mating the raw materials (chalk and clay). While the application of the wet system is limited to 
the manipulation of chalk or soft calcareous earths, the dry system nmy embrace the manufacture 
of Portland cement wherever materials exist containing the rt-quired proportion* of earlsmate of 
lime and clay. Indeed, it may almost bo considered ns capable of unlimited or universal appli- 
cation, as there are but few localities deficient in the necessary quantities of these materials in one 
form or other. 

An accurate compliance with the simple condition* as above described, invariably results in 
the production of a Portland cement possessing all the essential qualities desired by the engineer 
and architect. Much attention is now being pointedly directed to the question of a good Portland 
cement supply, and the necessary tests are of so searching a character as to preclude the possi- 
bility of any but the best cements being used where duo vigilance is exercised by those entrusted 
with works of construction. The questionable reputation which has for so long a time been 
attached to Portland cement was due as much to the professional indifference of the engineer or 
architect as the carelessness of the manufacturer; the one, probably impressed with a belief in 
the insignificance of tho subject itself, ami tho other carries* of the character attained by his 
commodity, so long ns it brought profit to himself. Fortunately, the insistance of the engineers 
entrusted with the groat drainage and embankment works of the metropolis, upon being supplied 
with Fortlnnd cement of undeniable quality, has resulted in tin* institution of tests, rendering the 
supply of faulty cement absolutely impossible where due and necessary vigilance is exercised. 
Experience acquired in those works has established beyond cavil that the most desirable cement 
is that which reaches or exceed* the following standard : — 

1st. In weight not less than 110 lbs. an imperial bushel. 

3 o 2 
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2nd. Exceeding fineness of powder, capable of being passed through a sieve of from 1G00 to 
3000 meshes to the square inch. 

3rd. Equal to resist a tensile strain of 200 lbs. to the square inch, after being immersed for a 
period of seven days in water. 

When these three conditions have been scrupulously complied with, there need bo no hesitation 
in using Portland cement for any purpose of construction in water or the air. 

Portland cement possesses in an eminent degree the valuable property of hydraulicity, or capa- 
city of setting and hardening under water; and its many applications in the construction of 
harbours, docks, and breakwaters, have long since established its reputation for such ptirpoaea. It 
is now (1870) upwards of forty years since its first introduction, and during that period of time 
foreign engineers especially have devoted much attention to its properties and uses. Its appre- 
ciation in this country has not been so marked ; but an awakening interest in tho construction 
of concrete buildings is gradually leading to the question of its quality and supply. 

When Portland cement is carefully and accurately manufactured, it should, on setting, be of a light 
grey colour, resembling Portland stone in ap]>carance : and very probably this peculiarity had some 
influence on giving it the name it now bears. Anydeparture from this colour indicates a faulty cement, 
and proves that either the proportions of the materials are irregular, or that its decarbonization 
was incomplete. It does not deteriorate by exposure to the air, ami may lx? stored even for years 
if kept in a dry place. Various proportions of sand may lie mixed with it for mortar ; sometimes 
as much as 8 parts of sand to 1 part of cement may be used if the cement is good in quality. Such 
a proportion, however, in not generally recommended ; but one of 3 parts of sand to 1 part of cement 
will be found a good mixture for general building purpose*. The cement when required for archi- 
tectural embellishment should be worked neat, nnd/or this purpose a quick-setting quality should 
be employed. The plasterer should, before using it, make a sample test in the shape of a small 
brick, or circular jiats, which must he put in water as soon as possible after it is worked up by tho 
trowel. If after twenty-four hours' immersion there are no faulty indications developed in tho 
shape of cracks, the cement may be used with safety. For concrete pur|KMes. the proportions are 
sometimes 1 part of cement to 8 ports of shingle or gravel. Large concrete-blocks, weighing 
330 tons, have been successfully made near Dublin with proportions of 1 part of cement to 6 parts 
of Lifley gravel. This is probably the most striking example of the application of concrete in 
engineering work. 

Beoent experiments have proved that Portland cement continues to harden or crystallize for a 
lengthened period. Briquettes made of neat eement (weighing 121 lbs. a bushel), after seven 
days’ immersion in water, bore a tensile strain of nearly 400 lbs. to the square inch ; and duplicate 
briquettes, after five months’ similar treatment, sustained a weight of nearly 600 lbs. to the square 
inch, showing thereby an improvement of 50 per cent, in that time. Further experiments with 
cement bricks, to prove their capacity of resistance to compression, resulted as follows. 

Bricks three months’ old, 9" + 4}" x 2 j" resisted fracture until a pressure of 65 tons was 
exerted by the agency of the hydraulic press. The weight was applied to the brick on its bed, 
having a surface of 38} sq. in. Similar bricks, under like conditions, at six months’ old, withstood 
a pressure of 92 tons. The third experiment, with a brick nine months old, resulted in 102 tons, 
showing upwards of 50 per cent, improved resistive value in a period of six months. 

In the aaine series of experiments other building materials of acknowledged excellence were 
operated upon, and the following values were obtained : — 

Avene* ('mailing 
Kx posed Surface. Weight. 

Oldham red bricks 39*33 sq. in. 40 tons. 

Medway gault clay bricks 40*50 17 ,, 

„ pressed ,, 40*50 „ 48 „ 

Stafford blue brick 27*90 „ 50 „ 

Fireclay „ 34*85 „ 65 „ 

Wortley blue „ 34*76 n 72 ,, 

Portland stone 39 94 „ 47 „ 

Bromley Fall stone 39*94 „ 91 „ 

Yorkshire Lauding 38*28 „ 96 „ 


Showing thereby that at nine months old a neat Portland cement brick exceeded in resistive value 
the best-known building materials of this country. It is quite possible also that a greater age may 
ret indicate an increase of strength, an advantage our experience does not lead us to expect from 
bricks or stones. Indurntinn continues in the case of Portland cement to an extent beyond the 
limits of our present knowledge. 

In another series of experiments it was found that cement, weighing 106 lbs. a bushel, resisted 
a tensile strain of 210 lbs. to the square inch, and when the weight of the cement was 130 lbs. a 
bushel it required an exertion of 406 lbs. an inch to cause rupture — showing that by an increase 
in weight of 24 lbs. a bushel the strength of tho cement was nearly doubled. 

Heavy cement is necessarily slow-setting in character ; but these experiments and the most 
eminent engineering practice indisputably prove that without weight you cannot obtain gTeat 
strength. 

The analysis of a good average sample of Portland cement should be — 

Calcium 62 I Alumina 8 

Silica 23 | Oxide of iron 4 

To give full effect to the required conditions necessary to obtain a good Portland cement for 
building purposes, the use of a testing machine is indispensable ; and on works of ordinary extent 
the engineer or architect should insist oil its being applied to every delivery of cement sent on to 
the works. 
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About ton years ago, and indeed since then, many attempts have been made to introduce what 
were ostentatiously tunned natural Portland cements, obtained from the blue lias lime formation 
of the West of England. Their indiscriminate use led to much dissatisfaction and loss, from their 
unfitness as a substitute for Portland cement, properly so called. The charm of cheapness for a 
time obtained for them a place amongst cements, and the comparative ignorance which then 
prevailed as to the essential qualities of a good cement enabled the manufacturers of these lias 
limes to hold a position in the market which a more advanced knowledge of the subject would now 
prevent. 

The Boulogne-sur-Mur natural Portland opment differs considerably from the above, being made 
from a deposit of argillo-calcaruous earth containing from 19 to 25 per cent, of clay; the silica and 
alumina of which is variable. When more than one-twentieth of sand is present in its composition 
it hus to be rejected us unsuitable. This clay or earth is found in the inferior cretaceous formation. 

The objection to all kinds of natural cements is the uncertainty in the value of their constituent 
parts. Their ever-varying ingredients render them unsuitable for building purposes when any 
degree of excellence or strength is required. No such obstacle exists in the use of sound Portland 
cement, anil that is the reason why it lays claim to and maintains its superiority over all other kiuds 
of cements. The manufacturers can, when duly impressed with the necessity of accuracy in manipu- 
lating the materials from which the cement is made, unerringly ensure the required results in 
quality and strength; the moderate limitation of which is only controlled by the cost. 

In the above remarks it is not Intended to convey the impression that there is any difficulty in 
making Portland cement of light specific gravity and colour. Portland cement can bo made from 
90 to 140 lbs. weight a bushel ; but the value of the ono is of course much less than the other; so 
also is its strength and quality — the light cqpicnt setting more speedily than the heavy cement. 
The colour also varies from a light buff to the deepest grey. 

Notwithstanding the point of excellence to which Portland cement has attained, especially 
under the accurate and intelligent manipulation of Henry Reid, there is still much room for 
improvement in its manufacture. Its continually increasing application for all kinds and forms 
of construction points it out as a valuable agent for substituting concrete houses for the worthless 
brick buildings of this country. It is to be hoped that changes iu the processes of manufacture will 
eventually result in reducing the price of an article which at present hears a very disproportionate 
relation to the value of the simple and inexpensive materials from which it is prepared. 

Moman Cement . — This cement, although gradually giving wav to its more energetic rival Portland 
cement, possesses nevertheless many good qualities. It differs from Portland, being a natural 
cement ; and in consequence of there being great varieties of stones from which it is made, much 
care is necessary in ascertaining their exact quality before using it for building purjmses. The 
origin of tlie name arose probably from its resemblance in colour and general characteristics to the 
mortar found in Roman remains in England. It was first introduced by Parker in 1790, who 
obtained a (latent for manufacturing cement — named by him Roman — from the septaria nodules 
of the London clay found along the shores of the Isle of Sheppy, in Kent. Subsequently. Frost 
and other makers introduced Roman cement made from similar materials found in the clay forma- 
tions of other districts in England. The term Roman is now generally applied to all natural 
cements of a dark brownish colour, and it is this distinguishing peculiarity which so markedly 
separates it from the Portland cement, which is of a grey colour. The Roman cement stone is 
found in many ports of England, North Wales, the Isle of Wight, and in Scotland. Several 
districts in France also furnish considerable quantities both from the clay and argillaceous 
limestone formations. There are very extensive deposits in the United States of America, from 
which is manufactured a cement resembling that of this country both in colour and other peculi- 
arities. There can lie no doubt that in many districts of England and Scotland this cement stone 
aliounda ; and it is only by reason of the apathy and indifference of engineers and architects on 
the subject that so little progress has been made towards its greater development. 

The Roman cements generally sold in London are the Harwich, Isle of Shoppy, Southend, 
Isle of Wight, and Medina ; iu the North of England, the Yorkshire, Atkinson, or Mulgrave : in 
Liverpool, the Holywell, Flintshire, North Wales; and in Scotland, the Calderwood. In America 
it is extensively made in the states of Illinois, Ohio, Maryland. Virginia, and New York. Some 
years ago large quantities of these American cements were shipped to Australia and other place*, 
and eulkd Portland cements; but they differed so much from that nrticlo that their manufacturers 
finally abandoned their pretensions, after great loss had been incurred by the merchants who had 
shipped them. 

In general, theso cement stones contain about 60 per cent, of carbonate of limo. or magnesia, 
with from 30 to 40 per cent, of clay. The oxide* of iron and magnesia which they contain are vari- 
able. Few of them have alumina or Boda, and it is doubtless from the absence of these ingredients 
that they are so inferior to the artificial Portland. The clay is highly ferruginous in character, 
which to a great extent accounts for the rapidity with which they set ; and to this cause also may 
be due their want of permanently indurative capacity. 

The following analysis of well-known Roman cement stones will better explain the relative 
quantities of the ingredients : — 

CUy. Carbonate of Lime. 

Parker’s cement .. 45-0 .. .. 55*0 

Yorkshire „ .. .. 34*0 .. .. 62*0 

Bheppy „ .. .. 32*0 .. .. 66*0 

Harwich „ .. .. 47*0 .. .. 49*0 

Oxfcle of I roc. Sliic*. Alumina. Carb. Lime. M;ip. 

Southend cement .. .. 9*0 12*0 3*4 64 0 1*5 

Protoxide of Iron. Silica. Alumina. Carh. Lime. Mag. 

Culdcrwood „ .. .. 10*2 8*8 3*4 6*4 2*6 
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The American cement stones have more alumina and less carbonate of lime than those of this 
country. It is a curious circumstance that, notwithstanding their excellence and abundance, Roman 
cement is still sent from London to New York. 

A remarkable difference between the Ronuui and Portland cement is the necessity for applying 
opposite testa in selecting the best *»'rt« when manufactured. Portland is best when heaviest : up 
to 140 lbs. weight a bushel if possible. On the other hand, Roman is judged by its lightness ; and 
when it weighs about 75 lbs. a bushel it is best. These two different proj)ertiea tell, however, in 
a most marked manner when we come to consider which is the better cement to keep for a length- 
ened period without deterioration. Portland cement possesses this valuable property in a high 
degree, and Roman cement can lay but little claim to this excellent quality. 

The stono princijmllv used in London is that obtained from the coast near Harwich, and is 
delivered in I^uulon by barges at a cost, according to quality, of from 6s. to 8,». a ton. 

The process of manufacture is most simple, and the only care required is to prevent its being 
vitrified when burnt. The great aim is to have the cements of the lowest weight; this can only 
be attained bv a maximum amount of deearbonization in the kiln. The stones lose in weight by 
this process about 30 |>er cent, without any uppri'oiable loss in bulk. The form of kiln used does 
not differ much from the commonest kind of lime-kiln. It is usually from 20 to 25 ft. high, from 9 to 
12 ft. wide at top. Rnd from 7 to 8 ft. wide at the bottom. Each kiln has four eyes, or drawing-holes, to 
take away the stone w hen burnt ; it is seldom necessary to lmve them all in use at the same time. 
The stone is broken to a uniform size of from 2 to 3 in., ami placed in the kilns in layers; each 
layer having the necessary amount of fine coal placet! on it, for the purjxnte of decarbonizing or 
burning the stone. The fuel required for this purpose varies, as the stone or coal is seldom 
regular in quality. The experienced burner will easily regulate the necessary quantity. When a 
kiln is once lighted up. it maybe kept burning for many months without any attention beyond the 
regular daily withdrawal of the burnt stone and the addition of the fresh materials so that the 
kiln may always be kept full. The best and most profitable kiln is one with a 70 or 80 tons 
capacity. Smaller kilns, however, may be used in localities where the demand for cement is 
limited. It is advisable to adjust the size of the kiln so that it may always be burning ; such an 
arrangement is the most economical, a* you thereby save the waste incurred in relighting after each 
charge has lieen drawn. The burnt stone may be kept for a considerable time before being ground, 
and it is better, therefore, if necessary, to allow it to remain in this state than to keep the powder, 
ns in that condition it speedily ami |**nnanently deteriorate*. 

The grinding or pulverization of the cement should be carefully attended to. The point of 
reduction is seldom, in this country at least, carried beyond the No. 30 gauge ; hut in America the 
engineers insist on having it ground so that only 8 |»er cent, will be rejected by an 80-gauge sieve 
(6000 meshes to the square inch). English engineers and architects have not been so exacting in 
their stipulations for fine grinding, and a No. 40(1600) gauge may be considered as the maximum 
of pulverization of English Roman cement. 

There can l>e no douht that progress in the use of Portland cement was much retarded by 
interested Roman cement manufacturers, in consequence of the ease with which the latter could bo 
made. Indeed, it was and is so simple in character that the most ignorant are almost eajsible of 
preparing it for the market. The selection of the stone itself is not difficult; and when the most 
ordinary ears was bestowed on the processes of burning and grinding, the makers run but little risk 
in carrying on what doubtless was, until verv lately, a very profitable trade. Roman cement can 
lx 1 prepared for the market in a few days. That udvautngo, from a manufacturer’s poiut of view 
at least, was considerable; whereas the conversion of the raw materials into Portland cement occu- 
pied a period exceeding two months, according to the seasons. Again, the manufacture of Roman 
cement requires but little, if any, scientific or advanced technical knowledge. On the other hand, 
Portland cement making is attended with much risk and anxiety, and cannot be successfully con- 
ducted without a perfect knowledge of the raw material* and their accurate manipulation. For 
these cogent reasons, therefore, the ascendency of Homan cement was maintained for a much longer 
time than its merits really deserved. It was not until the profeesionoJ mind was thoroughly 
awakened to its shortcomings and failings that it was, in important works at least, superseded by 
Portland cement, with good reason, as the following testa will prove. 

It should be premised, to account for the variability of the results in the following Tables, that 
Roman cement, as already observed, is prejudicially influenced when in contact with the air ami 
the moisture which it eonlains. Its highest value, therefore, can only be realized when fresh burnt 
and finely ground. The cement submitted to experiments was obtained from four makers of esta- 
blished reputation. 

Acs of Ban 

Ttn-ilr Strain per r-q. in. in lbs. 

7 Hay*, 1 Month. 6 Mouth*. 1 Yewr. 


No. 1 Maker 89 108 .. 167 144 

„ 2 89 116 .. 209 286 

„ 3 54 .. 100 112 120 

„ 4 „ 60 96 .. 194 212 

Medina 41 136 183 212 


Attempts were made during the time these experiment* were being tried to extend their useful- 
ness by ast'ertaining the value of the cement when mixed with various proportions of sand. The 
results, however, were found to be so low and unsatisfactory that the further search for information 
in that direction was abandoned, an not being likely to lead to any useful result. 

Notwithstanding the many disadvantages attending the use of Roman cement, it must he 
borne in mind that it is to be found in many countries and localities where it might be readily used 
with advantage when Portland cement or hydraulic limes could not be obtained. It is now fre- 
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qucntly used iti protecting the joints of Portland cement, while setting, from the injurious action 
of the sea or running water in harbour and similar works. Smeaton, when building the Eddystone 
Lighthouse, long before the introduction of Roman cement, used plaster of Paris, in protecting the 
joints of his composite uiortar, made from puzxolanu and blue lias lime, from the violent action of 
the sea. 

Homan cement cannot bear a greater admixture of sand than 1 to 1. For concrete, however, 
in foundations at least, it may be used up to 5 or of gravel to 1 of cement. In the Thames Tunnel 
neat cement was used for the arches, 1 of sand to I of cement for the foundations, and £ sand to 1 of 
cement for the piers. When used for internal plastering, it require* painting to hide the unsightly 
reticulated appearance of its surface after having been exposed for some time to atmospheric action. 
Much unsightly plastering is executed in London, from a supposed economical application of Homan 
and Portland cementB. The wall to be plastered is first coated with a layer of Homan cement, which, 
when dried, is covered with a thin coating of Portland to give a finish and appearance to tho whole. 
This mode of using tho two cements is highly objectionable, and can only proceed from a want of 
knowledge of the |»cculiarittes of the cements, which differ so materially in their properties. It is 
difficult to put two layers of the same cement on each other. The joints between two coats of 
cement are seldom perfect. 

Cement manufacturing is an important branch of our industry. Some years ngo, and before 
Portland cement had established its position, the English Government had their attention called 
to the scarcity of Harwich cement stone caused by Its being dredged ami taken away in large quan- 
tities by foreign era. The matter appeared of sufficient importance to attract the consideration of 
tho late Sir Robert Teel, who intended levying a tax on tho stone taken out of tho country. On 
representation being made to him, however, that this country contained inexhaustible beds of raw 
materials which, when operated upon, produced an artificial cement much superior to the Homan, 
he abandoned his intended taxation. 

It is remarkable that tho three perhaps meat celebrated engineering works of modern times led 
to improvements in mortars and cements. Smeaton, while (1750) experimenting on mortars for 
the Eddystone Lighthouse, discovered the value of puwoolana iu combination with blue lias lime 
in imparting great setting energy to the mixture. Indeed, at that time he establish'd the value of 
clay in conjunction with the carbonate of lime, which more than eighty years afterwards ltd to 
the investigation which ultimately resulted in the discovery of Portland cement. The construction 
of the Menai Bridge by Telford set at rest all doubts os to the value of Aberthaw lime for hydraulic 
purposes. The Thames Tunnel, ngnin, furnished conclusive evidence of the great value of Hainan 
cement, which was almost entirely used in its construction by the Brunch. 

Portland Cement. — Particular* specified by the li ar Office, England . — Portland cement is to be of 
the best quality, ground extremely fine, weighing not less than 100 lbs. a strik'd bushel (filled 
into a bushel measure as lightly as possible), and capable of maintaining a breaking weight of 
•150 lbs. seven dava after being made into a mould of the form and dimensions given in Figs. 1881 
to 1883; the specimen boing immersed in water as soon as it has set, and so left duriug the interval 
of seven days. 

Cement placed in the testing-mould. Fig. 1883, 
to bo experimented upon, must be in good con- 
dition, and thoroughly mixed on a clean tloor, and 
applied as soon as mixed. 

The cement and sand have to be carefully 
measured in proper measures, which are kept for 
the purpose. 

Hydraulic Cements, natural and artificial . — The 
term hydraulic cement is generally used in dis- 
tinction to hydraulic lime. The former, contain- 
ing a larger proportion of silica and alumina and 
a smaller proportion of carbonate of lime than the 
latter, does not slake, and sets generally in a few 
minutes even under water. Hydraulic limes, 
on tho other hand, slake thoroughly ami harden 
slowly under water. Some limestones exist which, 
when completely calcined, yield hydraulic lime ; 
but when imperfectly calcined, yield cement. 

Other limestones, such as chalk, when imperfectly 
calcined, or too much calcined, yield fairly hy- 
draulic limes ; while, if they be calcined merely 
up to the point when all the carbonic acid is 
driven off, and no further, they yield a lime which 
never solidifies under wnter. Other limestones 
yield on calcination a result which can neither 
be termini lime nor cement, owing to its slaking 
very imperfectly, and not retaining the hardness which it quickly takes when first placed under 
water. 

The natural hydraulic cement best known in England, of which we have spoken, is that which 
is most absurdly termed Itomun cement , or, more- sensibly, Parker** cement. The stone is found in 
the form of nodules in the island of Shoppy. The composition of these nodules is almost the 
same as that of the Boulogne pebbles, from which a similar cement is made. Before being burnt, 
the stone is of a fine close grain, of » rather pasty appearance ; the surfaces of fractures being 
greasy to the touch. It sticks easily to tho tongue: its dust, when »cra|ied with the point of 
a knife, is a greyish white. Duriug the calcination the stone loses about one-third of its weight. 



Digitized by Google 




936 


CEMENT. 


and the colour becomes of a brown tinge, differing with the stones from which the cement is made. 
It becomes soft to the touch, and leaves upon the fingers a very flue dust ; it sticks very decidedly 
to the tongue. When taken out of the kiln it absorbs water with much difficulty. It is usually 
burnt in conical kilns, and pulverized by the manufacturer, and then sold in well-closed casks. 
In Russia, America, India, and elsewhere, similar natural cements have been met with ; but, as 
they are comparatively rare and expensive, much attention has been bestowed on finding or 
inventing a substitute for them. Carbonate of magnesia alone has been found to yield, on calci- 
nation, an excellent hydraulic cement. When mixed with 1} times its bulk of sand, it makes 
a beautiful hard plaster or stucco. 

Vlcat was the first to point out the method of forming an artificial hydraulic cement by the 
mixture of lime and un burnt clay : and General Pasley afterwards, in a most elaborate series of 
experiments, proved that a hydraulic cement might be formed equal to tho best obtained from 
natural sources. 

Pnsley’s experiments were made principally with chalk lime and the blue alluvial clay of tho 
river Medway, near Chatham. The result he arrived at was, that a mixture of 4 parts by weight of 
pure chalk, perfectly dry, with 5*5 parts, also by weight, of alluvial clay, fresh from the Medway, 
or of 10 parts of the former with 13f of the latter, would produce the strongest artificial cement 
that could be made by any combination of these two ingredients. 

From the experiments of Vicat and Paalcv on making artificial cements, it would appear that 
the best mixture for making cement consists, Wore burning, of 

Two ingredients of carbonate of lime . r »0‘ 5 x 2 =s 101 ’0 

One ingredient of clay, of which the probable composition is — 

One equivalent of alumina 81 '4 

Six ditto silica 93*0 = 144*4 


245*4 

So that the composition in 100 parts is : — 

Carbonate of lime 41 

Clay 5‘J 

100 

The weight of the blue day he found to be 90 lbs., and of the dry chalk powder 40 lbs. a 
cubic foot. 

His method of proceeding was as follows The day was weighed when fresh from the river 
(taken from about 18 in. below tlie surface), and was never dug unless required «t once; it being 
found that even twenty-four hours’ exposure to the atmosphere injured it. The chalk was not 
weighed until well dried and pounded, owing to its extraordinary retentiveness of moisture. The 
chalk was then mixed with water into a thick paste. Tho chalk and day were then each sepa- 
rately divided into portions nr lumps as nearly ns possible equal, ami put alternately into a pug 
mill of the ordinary description, Figs. 1884 to 1888, where they were most thoroughly aud inti- 


1S84. 



mately mixed. Tho raw cement thus formed was then mnde up into balls of about 2$ in. in 
diameter, and placed in the kiln alternately with about equal layers of fuel— a layer of fuel 
always Wing at the top and bottom. The fuel used was coke, in preference to coal : and, in the 
small furnace or kiln used by Pasley, three hours was found to be aoout the average time required 
for burning the cement. As the calcined cement was drawn from the bottom of the kiln, fresh 
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cement could l>e put in at the top. The balls, on being raked out. could be tested by applying to 
them diluted hydrochloric acid. If sufficiently burned, no effervescence ensued ; but if they effer- 
vesced, they were put into the top of the kiln again to be reburut. The calcined cement bolls, 
since they would not slake like ordinary lime, were then ground to impalpable powder, and stored 
for use, bo that they should not bo exposed to the atmosphere. The average out-turn was about 
9| measure* of calcined out of 10 measures of raw cement. 

The proportions just named formed the beat artificial cements. 

Pasley, alter duo investigation, found that any given weight of 
well-burned chalk lime, and consequently of any other pure 
quick-lime, fresh from the kiln, combined with twice its own 
weight of blue clay, fresh from the river, will form an excellent 
water cement; observing, however, that the quick-lime, after 
being weighed, mud be slaked with excess of water into a thin- 
niah paste, and allowed to remain in that state about twenty- 
four hours before it is mixed with the clay. 

Themi proportions by weight are nearly equivalent to a mix- 
ture of 5 measures chalk powder to 2\ measures of blue clay. 

8ince 555 grains of quick-liino are the produce of 1000 grains 
dry chalk, which, in a state of powder, will fill 5 measures ; of 
which 1110 grains of clay will fill measures. 

Portland cement is formed very much from the ingredient* 
nsed by Pasley, but with different proportion*. It takes its name 
from it* likeness in colour to Portland stone; but it is in no way 
connected with it. The ingredient* are chalk and the mud of 
the river Medway, in the m*ighl>ourhood of which it is chiefly 
manufactured. The process is as follows; — The chalk used con- 
tains about 7$ per cent, of clay. The mud contains about 70 per 
cent, of alumina and iron to 30 per cent, silica. Eight or nine 
part* of chalk with two |»arts of mud are passed through a crush- 
ing mill, into which is let a supply of water, which, running off 
at the side oppmitc that at which it enters, carries off the crushed 
particles into a large vat, 00' x 40' x 3'. Here the sediment 
settle* dowm, and become* tolerablv solid, while the surface water 
is run off or eva]»nratcs. The mixture is now spread out on a 
drying floor to a depth of about fi in., and is dried by coking 
oven* below it. These oven*, at the samo time a* they dry the 
raw cement, are converting coal into coke; ami this being accom- 
plished, both cement and coke are taken to the kiln, where they 
are spread in altomato layers, and burnt at a very high tempe- 
rature. The cement, when burnt, is in a state of incipient vitri- 
fication : indeed, it should be over-burnt : as the particles should 
be just loginning to run together. This excessive burning is a 
distinctive fcatnro of it* manufacture. It i* now crushed between 
two iron wheels revolving on one another, and ground between 
two sandstone millstones; and then the cement is complete, and 
is carefully packed in 3-bushel casks. The danger of the use of this cement is that it is apt to 
swell in the joint* of maaonry after being applied ; but it is admirably adapted for buildings 
exposed to the action of water, and for external plastering, a* it *et* very fast and attains great 
hardness, and doc* not allow of the formation of vegetation, as the natural cements do. 

Couplet’s (uiylomtTiitrd coacrcfc consists of a proportion of sand, a smaller quantity, perhaps {, 
of lime, and a minimum quantity of Portland cement, say -fa fa or fa Instead of mixing these 
ingredient* with mortar, *o a* to form a mortar of ordinary consistency, a very small quantity 
only of water i* added, and the mas* is made to undergo a trituration of greater or lets* duration 
by mean* of special apparatus. By this trituration, notwithstanding the feeble quantity of water, 
a pulverulent mas* is obtained, which acquire* by a more prolonged trituration the consistency of 
a firm plastic paste. It is then ready for tho mould, into which it is introduced in successive and 
very thin layers, which are submitted to a powerful ramming process. This operation of compres- 
sion effect* uuch a complete agglomeration, that each cubic metro and a-half of saml and lime is 
made to occupy the space of only 1 metre ; and the lime, whose ((articles are thus mechanically 
brought into contact, becomes indurated with astonishing rapidity and intensity. A few days, in 
aome cases hours, suffice for the mass to acquire the character of hard stone. 

As the work of one day, with this concrete, unite* perfectly with that of tho preceding, it is 
plain that a mas* of thia species of masonry ran be augmented indefinitely, ao tlmt a house, bridge, 
reservoir, or any other construction, con be mode to form a monolith. 

The most important building executed in agglomerated concrete is the church of Vesinct, 
situated in a park of tho same name, near Paris, It is of Gothic style, and the entire masonry 
form* a single block. The division of the nave* is formed by piers of grmi]H-d colonnette* in cast 
imn; these, together with the cast-iron respond* against the lateral walls, support the weight of 
the roof, which is of wrought iron. The concrete of which tho walling is composed contains ; river- 
sand, 3 parts; earthy and ferruginous Band, from Vesinct, 1 part; slacked lime, in powder, from 
Argenteuil, 1 part; 'heavy cement (ewnent krnrrfc), from Paris, J part; cement forming fa part of 
the whole. 

Another advantage arising from the suppression of water, the energetic trituration, and tho 
forced aggregation of the particle* of lime, in these concretes, i*, that a slight difference in quality 
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of the lime affects but little the result obtained ; therefore the nearest hydraulic lime at hand will 
serve the purpose ; whereas, in other concretes, the best lime must be obtained, in order to secure 
it good mortar. In fact, M. Ooignet presented to tho Society of Civil Engineers, in Paris, specimen* 
capable of receiving a high polish, composed of the worst description of lime, oven oni inary quick- 
lime, bod and marly sands, fine neo-sand in impalpable powder unfit for common mortar. 

With regard to the fart that, in masonry, mortars and Concretes, when well made, are progres- 
sively and continually becoming harder, while cements do not acquire an increasing indurotiou 
projxirtional to the energy of their original hardening or setting ; — this may be explained by con- 
sidering that cements contain very little free lime or oxide of calcium, being almost entirely 
composed of silicates formed by torrification at a high degree of tem|>orature. Now, as pure lime 
1ms the property of absorbing, in order to pass into the state of carbonate, a quantity, nearly equal 
in weight to its own, of carbonic acid, it is plain that the more perfect a cement is— its perfection 
consisting in having but a trace of free lime — tho less it will hove the power of absorbing carbonic 
acid gas : whilst on the other hand the more a mortar contains of free lime, tho more powerful and 
energetic will l»e the absorption, and the more the weight will be increased— that is to say. a cubic 
metre of mortar containing 400 lbs. to GOO lbs. of free lime can absorb nearly 400 lbs. to 000 lbs. of 
carl Km ic acid, while a cement will absorb little or none. 

This action of the carbonic acid of the air has a more striking effect upon agglomerated mortars 
and concretes than upon ordinary ones. It is easily understood that if to a com pressed concrete 
like Colgnet’s. so dense that a cubic metre contains 15 hectolitres of ingredients, with tho particle* 
so intimately blended by trituration, we add a new substance, carbonic acid, of equal weight with 
that of the pure lime, the increase of density of the whole mass will lie great. Thus, the btfotu 
agglomerated, composed of 5 parts of lime in powder, weighing 55 kilogrammes the hectolitre, and 
} part or of cement, yield in a few days an artificial stone resisting more than *20 kilogrammes 
of crushing force per square centimetre : while substances, composed of 1 part of tho best eemeut 
and 2 parts of sand, cannot withstand 10 kilngfummes of tho some applied force. For lime mortars 
or concretes to harden into the state of artificial stone it requires much time. 

Among the latest theories put forth by French engineers as to the cause of the setting of 
hydraulic cements, we may mention those laid before the Academy of Sciences, in Paris, by 
M. Fremy, lost June. Vicnt established that the hydraulieity of a cement is due to a composition 
formed when limestone is calcined in presence of argil. ' He states that this comttositiou is a double 
silicate of alumina and lime, which, in hydrating, causes the setting of hydraulic cements. MM. 
Rivot and Chatonay, in their iuqiortant work on Cements, Btate that the calcination of an argilla- 
ceous limestone produces aluminatc of lime, the funnula for which is A1*0*, 3 CaO, and also a 
silicate of lime, represented by SiO 3 , CaO; these two salts, in contact with water, produce tho two 
hydrates A !*()■, 3 CtO, 0 HO, SiO* S CeO, G HO, 

which become tho cause of tho hardening in question. 

In both these two theories the hydraulieity of the cements is escribed to a simple action of 
hydration, like the setting of plaster of Paris; but by M. Fremy another cause is assigned. He 
made extensive experimental researches on tho pro)>crUcs and mutual action of four substances 
which, according to Vicat, Ilivot, and Chatonay, constitute hydraulic cements: — 1, silicate of lime ; 
2, silicate of alumina and lime; 3, aluminate of lime ; 4, caustic lime, or oxide of calcium. Tho 
experiments are detailed in the memoir, which concludes with tbe following statement ;— That tho 
hardening of hydraulic cements is not due to the hydration of the silicate of lime, or that of the double 
silicate of alumina and liuie ; these salts Jo not form any combination tcith tlus t eater : that tho setting of 
hydraulic cement is the result of two different chemical actions, — 1, the hydration of the alumina tes 
of lime; 2, tho reaction of tho hydrate of lime upon the silicate of lime*, and upon tho silicate of 
alumina and lime, which act in this ease as puzzolana. The calcination of an argillaceous limestone 
cannot yield a good cement except when the proportions of argil and lime are such that these cau 
be formed. In the first place, an alumina to of lime represented by one of these formulie,— A1*0*, 
CaO; A1*0*, 2 CaO; API) 3 , 3 CaO: in the second place, a simple or multiple silicate of lime, 
represented approximately by one of these formulas, — SiO 3 , 2 CaO; SiO 3 , 8 CaO; and in tho third 
place, pure lime capable of acting on tho preceding puzzolanic silicates. 

In the course of the memoir, M. Fremy states that when aluminates of lime represented by 
APO\ CaO ; APO 3 , 2 CaO ; A 1*0*, 8 CuO, are reduced to a fine powder, and slightly wetted, they 
solidify almost instantaneously, and produce hydrates which acquire in water a considerable degree 
of hardness. They have, moreover, the property of agglomerating inert substances, such as quartz, 
sand, and bo on. 

M. Fremy mixed aluminate AIK) 3 , 2 CaO, with 50, GO. and even 80 per cent, of sand, and 
obtained a pulverulent mass which in water acquired the hardness and solidity of the host stone. 
Tbe interest attached to these mixtures of aluminates of lime and siliceous substances is the more 
important in a practical point of view when we consider that blocks are required to be produced 
capable of resisting atmospheric influences and the powerful effects of sea-water. M. Fremy con- 
siders that the solution of the problem of constructions resisting the ravages of the sea lies probably 
in the employment of concretes which are formed nearly wholly of siliceous substances united 
together by a feeble proportion of aluminate of lime. < hi this point M. Fremy cites the indications 
given by M. Coignet on the subject of agglomeration of cements, aaying that be lias observed their 
importance himself. 

Portland cements, according <0 M. Fremy, have no good quality unless they are produced at a 
very high temperature. The aluminates of lime have this character, also, of not being able to solidify 
under water unless they have been exposed to au intense heat ; thus they seem to be the principal 
agents in hydraulic cements of rapid setting. 

Perhaps the inferiority of some of the Portland cements of commerce may be traced to want of 
sufficient intensity of heat in burning. M. Fremy mode the aluminates of lime, for bis experiments, 
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with a blast furnace. See Asphalt*. Concrete Machine. Foundations. Kilns. Lime and 
Mortar. Ovens. 

Recapitulation. — Roman Cement. — Parker's Analysis. — One part of common clay to 2$ parts of 
chalk, net very fjuick. 

Concrete . — Eight parts of pebble, or piece* of brick, about the size of an egg, to 4 porta of 
scrap river-sand, ami 1 pert »*f lime, mixed with water and grouted in, makes a good concrete. 

Lime Mortar. — One jmrt of river- wind to 2 parts of powdered lime mixed with fresh water. 

Hydraulic Mortar . — One part of pounded brick powder to 2 parts of powdered limn mixed with 
fresh water. This mortar must bo laid very thick between the bricks, and the latter well soaked 
in water before laid. 

Hydraulic Concrete, by Treussart. — Thirty parts of hydraulic lkne, measured in bulk before 
slaked ; iW) porta of sand, 20 j«rts of gravel, and 40 parts broken stone — a hard lime-stone. This 
concrete diminishes about one-fifth in volume after manipulation. 

Asphalte Cimposition for Street Pavement, by Colonel Ktny. — 2$ pints (wine measure) of pure 
mineral pitch, 11 lbs. of bitumen, 17 pints of powdered atom-dust, wood-ashes, or minion. 

Cement for Stone and Prick Work. — Two parts ashes, 3 of day, and 1 of saud, when mixed with 
oil. will resist the weather oqual to marble. 

Ilrxjim Mortar. — One jart lime, 2 dT sand, and a small quantity of hair 

Hydraulic Mortar . — Three parts of lime, 4 puzzolana, 1 ami they ashes, 2 of sand, and 4 parts of 
rolled stone or shingle. 

Cements for Cast Iron. — Two oz. sal-ammoniac, 1 oz. sulphur, and 16 oz. of borings or filings of 
cast iron, to be mixed well in a mortar, and kept dry. When required for use, tuke 1 part of this 
powder to 20 jinrta of clear iron borings or filings, mixed thoroughly in a mortar ; make the mix- 
ture into a stiff paste with a little water, and then it is ready for use. A little fine grindstone 
sand improves the cement. 

Or, 1 oz. of sal-ammoniac to 1 ewt. of iron borings. No heat allowed to it. 

The cubic contents of the joint in inches, divided by five, is the weight of dry borings in pounds 
(avoirdupois) required^) make cement to fill the joint nearly. 

Works (m Cements : — B. Higgins, ‘On Calcareous Cements and Quick Lime,’ 8vo, 1780. Treus- 
aart, ‘ Mcmoiro sur lea Mortiers Hydmuliques/ 4tn, Paris, 1629. L. J. Vicat, ‘ Ou Calcareous 
Mortars and Cements,' 8vo, 1837. 1 ’as ley, ‘On Limes, Calcareous Cements, and Mortars,’ 8vo, 
1817. W. A. Becker, * Praiische Anleitung aur anwendung der Cemente,’ folio, Berlin, 1861-68. 
J. G. Austin, ‘On Limes and Cements,’ post 8vo, cloth, 1862. Gill more (Q. A.), ‘Practical Trea- 
tise on Limes, Cements, and Mortars,’ 8vo, New York, 1 86 1 . Burnell, ‘On Limes, Cements, and 
Mortars,’ post 8vo, 1868. H. He id, * Practical Treatise on the Manufacture of Portland Cement,’ 
8vo, 1868. I)r. W. Michaelis, ‘Die Ilydraulischeu Mortal,' 8vo, Ia-ipzig, I860. It. D. Charleville, 

* Tmite sur l’Art dc faire do bona Blortiers,’ 8vo, Parts. 

CENTRE-BIT. Fr., Mcche anglaise ; Glr., Centrumboh rcr ; Ital., Saetta a centre ; Span., Berbiqui. 
See Augers. Hand-Tools. 

CENTRE OF GRAVITY. Fr., Centre de gravity ; Geb., Schwcrpunct ; Ital., Centro di gran to. 
Span., Centro de gratedad. 

See Gravity. Centre of Oscillation, see Oscillation. Centre of Percussion , see Percussion. 
Centre of Gyration, see Angular Motion, p. 103. 

CENTRIFUGAL PUMP. Fm, Pompe a force centrifuge ; Geil, Cenirifujalpumpe ; Ital., 
Tromba centrifuge; Span., Bombti centrffuga. 

See Pumps. 

CHAFF-CUTTER. Fr., Custpc-paiUe, Hachoir ; Gkr., Hacksdtmlc ; Ital., Trinciapaglia ; Span., 
Mug u inn para cortar paja , 4 c. 

The cuttiug device in F. B. Hunt’s chaff or straw cutter, Figs. 1889 and 1890, deserves jiarti- 
cular attention. The machiue in which this device is employed consists of a spiral] y-arrangod 




knife secured to two arms upon a shaft in front 
of a feed-box, so that as the shaft is rotated the 
knife works closely over tins outer edge of a 
metallic bod-plate attached to the feed-bos. 

The upper roller is so arranged as to adjust 
itself to the varying thickness of the layer of 
straw or other substance pressed under it, the 
roller raising or falling in the arc of a circle, so 
as to be always at the same distance from the shaft of the cutter, and the substance to be; cut will 
be retained in a proper position on the bed of the machine. Attached to the frame of the upper 
feed-roller is a guard-board or plate, which is caused to rise or fall with tho upper feed-roller, so 
as to prevent the substance being cut from passing over the top of the roller. 

In referring to Figs. 1889, 1890, it will be observed that tho combination, of the cutting-bar or 
plate E of the single knife D and the arms c, r, attached to the driving-shaft U, operate to effect an 
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oblique or drawing exit. The fly-wheel E' is so attached to it- wliaft C that the wheel is admitted 
to slip on the shaft in ease the motion of the cutter is arrested by anv foreign substance, thus the 
knife or cutter ia preserved. The liar cb is connected directly to the shaft «. shown in section, Fig. 
1899; n is the shaft of the lower feed-roller G, which is connected to the shaft p of the upper feed- 
roller II by an arm ». The bar c 6, Fig. 1889, lias pinions bd attached to it. which gear with the 
pinions a' e of the feed-roller shafts n,/>, exhibited in seetion. Fig. 1890. The guide-board or guide- 

C " le u is attached to the plate t of the frame of the upper feed-roller H ; u extends down at the 
k of JT to a level with p the shaft of H. 

CHAIN PUMP. Fu., Pompe a cknpctet ; Geh., Kettcnpumpe ; ItaL., Noria ; Span., Bomlta de cadena. 
Fee Pi-mps. 

CHECK-VALVE. Fb., Soupipe d'arrtt ; Ger., Absperrventil. 

Fee Valves. 

CHEESE PRESS. Fb., Machine a comprimer le frotiuvjc ; Ger., Kasrpresse ; ItaL., Torchio da 
formality ; Span., Prensa de qxieso. 

Dick’* Anti-friction Cheese Press . — In Fig. 1891 is represented the method of applying Dick’s 
anti-friction |>owor to the pressing of cheese. By the use of 
this press the whey is entirely removed, am! half the labour 
usually renuired in the mnmifactnro of choose is saved, if 
being ready for market or transportation an it comes from 
the proas, without risk or 1 o*jb to the purchaser and the con- 
sequent vexation ho frequent in the case of the method ori- 
ginally pursued. The pressing may Is* carried to any extent 
deemed requisite without danger to the pntHH, the working 
portions of the press being made of iron, and capable of sus- 
taining the force that may be applied. 

Attached to this press is the platform-scale ; so that the 
cheese can be accurately weighed Wforo it is removed from 
the press — a matter of great convenience and imfMirtnuco to 
the manufacturer and vendor of these articles, a* well as to 
the purchaser, who can depend noon the weight marked upon 
it as strictly accurate. In fact, the advantages of this press, 
above others, must be at first view np)«ireiit, and the power 
such that it will come into, general use. 

CHEESE VAT. Fb., Pelisse a frontage; Gek., Kiisenapf ; 

ITAL., Pino da fornwppo ; Span., Quesera. 

The objects to be attained by the use of a cheese vat are : 
a separation of the enw-ouaor cheesy particles from the whey 
or watery particles of the milk, and the proper comminution 
of the latter preparatory to pressing, I*. Colvin’s cheese vat, 

Figs. 1892 to 1895, is intended to produce these results effec- 
tually, rapidly, and economically. 

Fig. 1892 is a front view of the machine in perspective ; 

Fig. 1893, an end view; Fig. 1894, a stirring-frame; and 
Fig. 1895, a cutting- frame ; both these last operated by a 
crank. The vat A is semi-cylindrical and double- walled. 




water Wing contained between the shells. Under the vat, and attached thereto, is a fnmaco B for 
heating the water, the smoke from which escapes by the pipes C. 
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Tho degree of hcftt admitted to the water is regulated by a sliding: damper D, Fig. 1893. A 
coil of circulating pipes is affixed to the outer shell of tho vat. connected with the water-space at the 
centre and ends of the vat, thus equalizing the heat in tho water-*|»aee. Convenient spouts or cocks 
are attached for drawing off tho whey, the water from tho water-space, and discharging tho curd. 

To aid in this, one end of tho machine 


is act on eccentrics E. For keeping the 
card separate during the operations of 
scalding, salting, and cooling, a stirring- 
frame, Fig. 1891, turned by a crank, is 
used. This stirring-frame consists of 
curved paddles, and docs the work usu- 
ally performed by hand with a (Middle ; it 
is seen placed in the vat in Fig. 1892. 
The cutting-frame. Fig. 1893, seen in 
place in tho machine. Fig. 1893, cuts the 
curds into small blocks by the longitudi- 
nal and transverse cutters on tho rotating 
frame. This not only cuts the curd, but 
by its sweep cleans it from the inner sur- 
face of the vat. Either of these revolving 
frames may be lifted instantaneously from 
tho vat, as the shafts bear at ono end on a 
fixed pin, and at the other rest in an open 
box. At the discharge end of the vat. 
Fig. 1893, is a semicircular recess sepa- 
rated fmm the vat proper by a strainer- 
plate sliding in vertical grooves in tho 
inner shell of the vat, and can l»e with- 
drawn vertically when tho curd is to be 
discharged into the hoop of the 


1894. 



1895 . 



W. Ralph’* cheese vat. Fig. 

1896, has a false bottom L), so 
constructed that the water 
heated by the furnace E does 
not come iu contact with the 
bottom of the inner vat B until 
the wuter has been in contact 
with the ends and sides of the 
vat and imparted a portion of 
its heat to tho same. Hollow 
pi|M'* F, arranged with a valve n 

false hottom to the heated water below, and open at the top under hollow supimrts >j upon which 
the vat rests. 


CHEVAUX DE FRISK. Fr., Chetaux de frise; Geb., Spanischc oder frietieche Reiter; Ital., 
Camlletto di frisa ; SPAN., Cabalfo de /runt, 

Bee Fortification. 

CHIMNEY. Fb., Ckemintie; Gra., Srhomstein ; Ital., Caminof Spas., diwm 
The appellation Chimney Stalk is usually applied to a lofty chimney ; such stalks are crocted for 
steam-engines, or employed to create a draught of air through furnace*. 

1. Heating apparatus vary in form and arrangement with the nature of the effect to l>c 

f iroducod, but in general they all consist of three distinct parts: the furnace or place in which tho 
lent is generated, the place in which the heat is utilized, and the chimney. 

The function of chimneys is twofold : — 


1st. To discharge at a great height in the atmosphere, the heated air often charged with 
smoke, which would lie noisome to animal life if ejected at a small altitude. 

2nd. 7*0 cause a sufficient flow of air through the furnace to maintain combustion. 

2. Motion of Heated Air m Vertical Tube *. — When a mass of air is at a temperature above that 
of the surrounding air, it has a tendency to rise in virtue of a force equal to the excess of the 
weight of tho air displaced over its own weight. This is a particular case of the principle of 
Archimedes. 


The same thing happens when the heated air is contained in a vertical tube A It, Fig. 1897, 
open at both ends. If we represent by I* the pressure of the atmosphere in kilogrammes at tho 
height of the point A, upon a surface equal to the section of the tube, and by j> and p\ the weight 
of two colunms of air huving the volume of the tube under the atmospheric pressure, ono at the 
temperature of the external air, tho other at that of the heated air, it is evident that the pressure 
at tfie point B, exerted in an upward direction, will be P + />, and tlu»t the pressure at the same 
point, exerted in the contrary direction, will he P + p\ Therefore the column of heated air will 
nave a tendency to rise in virtue of the pressure p - ft, It follows from this, that if the pipe 
A B he fixed at the bottom to a horizontal pipe B C. heated externally. Fig. 1898, the external 
air will enter constantly through the orifice C, and will escape through the orifice A. This flow 
of air takes place in virtue of the excess of the atmospheric pressure at the point C over the in- 
ternal pressure at the bottom of the pipe A B. 

3. To determine the velocity of ingress of the externa) air nt the point C, supposing the section 
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nf the tube constant. we must remember that the flow nf a liquid or of ft g^s. the resistance 
depending on the form and the dimensions of the tube apart, is represented, from the point of 
view of velocity, by the formula r = 2</P, in which P ism. 

denotes the height of a column of fluid subjected to the » 
pressure. and which would hold this pressure in oquili- 
brio, however it might bo produced. In the caw* in 1 

question. P is evidently the height of a column of ex- i 4 

ternal air, and its value is readily found. 

Denoting the height of the chimney from the centre 
of the section C, Fig. 1898. by II. the external tempe- 
rature by 0, that of the air inside the chimney by /, and 
the pressure of the atmosphere at the point A. in air 
at » hv M, the pressure of the point C, from the out- 
side inwards, measured by a column of air at 9~\ will 
be M ■+• H, and the pressure in the contrary direction, 
measured in the same way, will be 

M + H(l+a«) + (l+oO. 

Consequently, we shall have as the excess of the former 
pressure over the latter, 


M + H - (il + 
and therefore. 


11(1 +<» 6)\ _ II o (t - 6) 

1 + a t ' 


1(1 + «®)\ 
1+a t ) 


■ 0 ) 


[A] 



wy 


1 + « 0 

I -fa f 


the 


1 -fat 

4. It may be useful to remark that the pressure at 
any height in the column of heated air is equal to that 
at the point C. If we consider n horizontal section of 
the chimney at a height IP from the top, the upward " 

pressure which it will support, reckoned in air at 6, will lie M + H — (H 

pressure in the contrary direction will be M -f H' | ; and subtracting one from the other 

(t — 6) 

we find, ns before, II a \ « 

1 +u * • 

5. For the rate of flow of the hot air, as the velocities are in inverse proportion to the 
densities, we Blinll have 

= , l±i-‘ ; whence *• = «/ »»H.<l-Q<l + So . [B] 

l + “» <l+a«)» 

6. The formula? [A] and [B] may l>c put into a more convenient form for practice, by substi- 
tuting for the term tj 2ga its value ; we shall then have 

0-268 


c = 0-2G* ; and «’ = 

1 +a t 1 -f ci 0 


Jn (<-«)(i + ot). 


The formula [A] is alone important, for the useful effect of chimneys always consists in their 
ability to create a draught. 

7. We have supposed that the density of the air depended only upon its temperature. This is 
not strictly true, for the density of the air at the same temperature decreases with the increase of 
altitude; but it is obvious that in the highest chimneys, the variations of density resulting from 
variations of height are quite imperceptible. For the altitude O’" "76 of the li«romet«r, the pres- 
sure of the Atmosphere is represented by a column of water of 0"**76 x 13-6 = 10">-336, and by a 
column of air at (T, under the same pressure, equal to 10"’336 ■+■ 0-0013 = 7950*. Thus, the 
density of the air at a height of 20 metres, for example, would be to that of the air nt the surface 
of the earth in the ratio of 7030 to 7950, that is, in that of 1 to 1 -0025, a variation of no importance 
whatever. 

8. We have supposed the vertical tube cylindrical and completely open at the ends; but it is 
evident that the position and form of the pipe have no influence on the force produced by the 
ingress of external air. when the temperature of the pipe is everywhere equal to t, H representing 
the difference of level between the two ends of the column of heated air. If the air, in ascending 
the pine, met with variations of temperature, we should have to take for t the mean temperature. 

9. The formula [A] gives the velocity or rate of ingress of the external air, all resistance apart ; 
but there is always a lows of force attributable to friction and the form of the tula*. If the chimney, 
instead of being cylindrical, varied in section and direction, the weight or force which would cause 
the inward flow of cold air would 1 m? still the same ; hut the actual rate of ingress would 1 m? found 
by taking into account the resistance, by means of the general formula given. We will return to 
this question later. 

10. To determine how the rate of ingress V of the external air varies with tho increase of f. 


according to the formula [AT, suppose 0 = 0; this formula becomes c = »/2 <j II \ / — a * - . Tho 

1 + of 

first factor of the value of c represents the velocity acquired by a body falling from the height 
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H ; and, ns the second factor in always lees than unity, the rate of ingraft* is never more than a 
fraction of this velocity. Taking 8Uce**Hsivelv for t 50, 100°, 150°, 200°, 250 n , 300°, 350°, 400", 500°, 
NMXT, 1500°, ‘iOOO’ 5 , we find ns the values of tho Becond factor, 0*30, 0*51, 0-57. 0‘ 64, 0-08, 0 • 7 1 , 
0*74, 0*76, 0*80. 0*88, 0*91, 0*93. These iimnliers divided by the first, 0-39, give the ratios: 
1, 1 '31, 1 -51, 1 -65, 1 -76, 1 *83, 1 *90, 1*90, 2*00, 2*25, 2*94,2*38. Thus the rate of ingress of the 
cold air increase* constantly with t, but this increase has a limit; /or an t increases, the ratio 

ai a 

j , which is equal to j , constantly approaches unity, and consequently, the rate of ingress 

- t +i 

of tho cold air, from t = 50” to t = oc , varies in the ratio of 0*39 to 1, or in that of 1 to 2*56. 

It follows from this that the rate of ingress of the cold air increasing very slowly with tho 
temperature, the useful effect of the chimney coats in fuel an amount proj>»<rtiouato to the tempera- 
ture within tho chimney. 

The maximum rati? of ingress of the outside nir being */2(/H, for chimneys of 5™, 10™, 20'", 
30™, 40™, it is equal to 9™*9, 14 m *0, 19™*8, 24™*3, 28™*0, and for an excess of temperature of 300°, 
the rate would be only 0*71 of the maximum. The velocity is besides considerably reduced by tho 
resistance cxjtorionced by the heated air when in motion, as we shall see later. 

11. We have supposed that the air, entering tho vertical pipe, underwent, while being heated, 
no other change of density than that resulting from the change of temperature. Hut usually the 
heat is caused bv combustion, the nature of the gas is chnnged, and it is necessary to see what the 
formulse [A^) and [B] become when the tabular density of the gas is equal to 8, instead of being 
equal to unity. 

In this case, the height of the iuner column, reduced to 0°, and to the density of the outer air, 
will he and tho difference of the two columns, or tho force, will become 


l+af 


II 


118 (I -fa 0) 


Hfl - 8-f o(/-80)] 

1 + at 1 ' 


II (1 - 8 + <i/) 

1 + a< 


1 + ot 

by rejecting the term 8 a 0. 

If, for example, the whole of the oxygen were transformed into carbonic acid, the density of 
this latter gas being 1 *529, and that of ozote 0*976, the density of the mixture would be 

0*21 x 1*529 + 0*79 x 0*976 = 1*091; 

if only half the oxygen were transformed into carbonic acid, which is the ordinary ease, the density 
would be only 1 *01. Neglecting 0 in the expression of tho force, it would become in the two rust*, 


H (a I — 0 *091) 

1 + «T 


and 


II (at - 0 04) 


. and these would lm the samo if the values of t were diuii- 

1 + at 

nished by 25” in the first case, and by ll e in the second. These variations are of small import* 
ance, especially when t is considerable. Besides, as the gases which are evolved in the furnaces 
always ooutain a certain quantity of steam obtained from the water held by the combustible*, and 
as the density of steam is equal hi 0*621, its pressure diminishes the effect of the carbonic acid. 
Thus we may admit, as an approximation amply sufljeient in practice, that the effect produced 
by a column composed of air and gases, resulting from combustion, is the same as if the column 
were of pure air. 

12. Motion of Heated Air it i a ripe consisting of several Vertical Tubes successively passed through. — If 
the heated air traverse* successively, ascending and descending, several vertical tubes in which tho 
temperature is not the same, the force or pressure at tho beginning of the 

pipe will depend at once on the height* of the tubes and the tein|»oraturea 
of tlie hentc<i air. We will endeavour to determine it in a general manner. 

13. I<et us, in the first place, consider a chimney A B. Fig. 1899, extend- 
ing horizontally in the direction B C, and descending again vertically in the 
direction C D, so as to form a syphon. 

If we represent by t and t ' the temperatures of the air in the portious 
A B and C l>, by 0 that of the external air, by p and p the pressures of tho 
atmosphere at the point* A and D reckoned in air at 0^, under the normal ^ L 
pressure, and by m and m" the heights of the columns of air at 0°, equivalent 
to the columns of heated air A B and CD, the force in air at 0°, which 
will produce the rush of cold air at the point A, will evidently he equd to 
p — m + m' — p ' ; and as the pressure of the external air at tho poin-I) 
exceeds that at the point A bj* a column of external air equal to H* — H, 
shall have a* the force in air at 0°, at the point A, 

H(l+a0) t H‘(l+fi0) Ha (<— 0) H'aft'-©) 

p ~ i+at + -T+ie — °’ +H _H) = 1+^1 1+^ • 

Thus the force is equal to the difference of the corresponding forces at the 
two branches supiswcd alone. The flow will evidently take place in the 
direction A B, as we had »upi*>Hod, if the preceding expression bo positive. 

Taking the external air at <r, and rejecting the terms Ha* if' and II' d*tt\ 
which are always small, seeing that «’ = 0*000134, the value of the force 

in external air becomes * - ■ ^ ; , an expression that is positive when 

1 + a (t + * ) 

H t is greater than II' f', a circumstance which may always be obtained, whatever II' may lie, 
by diminishing t\ This may lie effected by cooling the air in the tubes B C and C D. Thus tho 
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poses evolved in the fumnce may always be discharged at any height, even beneath the level of 
the fumnce. 

14. If there were a third column EF. Fig. 1900, denoting its height by II", and the mean 
temperature of the air in it by f", by m" the height of a column of air at <r producing the same 
pressure, and retaining the preceding notation, the force at the point A would be o — m + m' 
— m" — ;/; but we have p' -+• H" — II' + 11 = p, and therefore the force at the point A in air 
at 0° will be 


P 


II (1 + '» #) H' (1 + «8) 
1 -f <*t + 1 -h rtf' 




II u (t - 0) Hji (t‘ -6) H " a ( t" - 0) 

l+a< 1 + uf **" 1+at" 


The flow will take place in the direction A F, when this expression is positive. Rejecting, as 
before, the terms containing a*, and a fortiori a 3 , and supposing 0 = 0, the preceding expression is 

reduced to - — ~ ~ ,/ ■ \ an expression which will be positive when II < -f H H t" is greater 

1 T«(‘ T * T ‘ ) 


thnn HY. 

It would be easy from this to find the formula for any numlar of tuljes. 

15. Let us now suppose the wipe to have the form of a syphon reversed. Fig. 1901 ; retaining 
the same notation, the force at the point A, in air at 0\ will (m> p + "» — m ' + p ' ; or 



As in the preceding ease, the effect produced is equal to the difference of the effects which the 
two branches would produce alone. Rejecting the terms containing u*, and making 0 = 0, the 

value of the force is reduced to — , ) a value which will be positive when II ' t is 

l+«(f + 0 

greater than H t ; this condition may always l>c satisfied by increasing H’, and by preventing the 
cooling of the air in the horizontal portion B C. 

16. If the pipe were formed of three tulwjs, Fig. 1902, the force at the point A, in air at 0°, 
would evidently be p m — ra' + m* — p' ; or 


, H(l + a 9) 

r+ -TT7r 


H'(l + aS) H"(I + nt) 
l+of + l+a<" 


-0> + H-H' + IT) 


(*'-•) H"« <!"-») 

l+al + l+al' ~ l+«r ’ 

.. . .. . „ „ «(- HI+ H'l’-H"l”) 

or on the hypothosi. 8 = <T, — . 

1 T a (l T I T * ) 

The force for any number of tubes may be readily calculated in the same way. 

in general, the effect produced is equal to the sum of the effects produced separately by the 
tubes in which the heated air rises, diminished by the sum of the effects produced by the tubes in 
which the heated air descends. 

17. It isof importance to remark that in the case in which the heated gas begins hv descending, 
supposing the expression of the force to be positive, motion will not take place until the system of 
syphons baa been put into action by heating some of the branches in which the air ascends. It is 
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evident that this precaution will not bo needed in the case in which the heated Air ascends in the 
first column. 

18. Motion of Hinted Air in a Pipe consists/, throto/hout a certain laujth , of several Vertical Tube* 
trover sal simultaneously. — Let ui consider, in the first place, a vertical pipe, Fig. 1908, consisting, 
throughout a certain length, of two equal and parallel branches. If both contain air at an equal 
temperature, everything else being espial in the two branches, the ascending heated air will tra- 
verse them with the same velocity ; but however little difference there may bo in the diameters, 
the resistance, or the causes of cooling, this equality of velocity, should thero bo any difference, will 
not exist ; and if the section of each of them is equal to the section of the end tuhes, the motion 
will take place through one only, that one which offers the least resistance. This phenomenon will 
evidently occur, whatever the number of the tubes may be. 

19. If the pipe were only enlarged throughout a portion of its length, Fig. 1904, the current of 
heated air could not necessarily fill the enlarged portion of the pipe ; if it filled it at first, the woling 
of the side* would soon cause a decrease of temperature from the centre to the circumference ; then* 
would occur, in the elementary veins and in the same direction, variations of velocity which would 
go on increasing, so that the vein of heated air would wxm traverse the enlarged ajjace, without 
much increasing in section. 


1903. 1904. I9W. 1906- 



20. Suppose now that the heated air drawn by the chimney descends a pipe consisting of two 
parallel branches, Fig. 1905. In this ease, the heated air will separate itself equally in the two 
branches, and the equality of velocity will he maintained in spite of the inequalities of cooling 
which the air may undergo. Indeed, iu each branch, the force which produces the motion is equal 
to the difference of the pressures in the chimney and in the pipe under consideration, snpposing 
them isolated ; and, consequently, if in one of the branches the cooling was greater than in the 
other, the velocity there woidd become greater. The same thing would occur in the case of any 
number of parallel tubes. 

21. If the pipe through which the heated air descends were enlarged. Fig. 1906, the elementary 
veins in the enlarged portion would assume and retain the same temperature, for the name reason as 
in the preceding case. 

These facts, which have been many times proved by cxjjeriencc, are of great importance in tho 
construction of heating apparatuses, as we shall see Inter. 

22. It must be remarked that in all the preceding considerations relative to the velocity of tho 
gases in chimneys, we have left out of the question the resistance experienced by the air when in 
motion. Hut as "this resistance is always considerable, there will be a greater or less reduction of tho 
velocity. When the descending pipe iH single, friction takes place against tho surface ; therefore, 
on this account alone, the velocity would there be less than in tho other points of the section ; but 
the cooling which the heated air there undergoes tends to diminish the difference of velocity which 
would naturally arise in tho veins, and this difference will bo still more diminished by the gradual 
transmission of the resistance and the temperature. If the descending pipes wore formed of 
several tultes having tho same sectiou and the same length, the same phenomena would occur, and 
the heated air would have the same velocity in each of them. Hut if tho tubes have different 
sections, tho velocity will 1** modified by the cooling which tends to increase it and by the friction 
which tends to diminish it. The friction varies in proportion to the square of the velocity, whilst 
the cooling is proportional to the diameter and depends also upon the velocity ; it is, therefore, not 
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easy to foresee and to calculate in a general manner what will happen. The cooling is, however, 
small in general, and the influence of friction will in almost all cases exceed it, so that the actual 
velocity will decrease with the diameter of the pipes, a theoretical result that is in perfect accordance 
with the results of experience. The difference of the velocities will evidently decrease with the 
velocities themselves. 

23. Former Theory with respect to the Drawing of Chimney *. — Hitherto it has been admitted that 
the force in air at 0°, H a (t — 0) 4- (1 +u<) was applied directly to the heated air, and the result 
of this was, that the force in air at f being H a (< — 0) ■+■ (1 + a 0), the velocity of the heated air was 


. _ y/ 2<?Ho( < - 0) 
' l + «0 


and the rate of ingress of the cold air was 


,1+ae A /2jHa(7-9)(l + <i«) 

ri = ' ' 1 + a \ = (1 + a 0* ’ 


formula which differ widely from the formula [A] and [B], for we have evidently 

r -,= nn a t, = a VT+J* 

1 1 + at 


; and r, = e 


1 -f a t ' 


which give for v\ and r x velocities less than r and r. Besides this, tho valne of r, offers a circum- 
stance that is not found in the value of r. If 0 remaining constant, the value of t be progressively 

increased, v, increases at first, reaches a maximum for t =- + 20 = 274 + 2 0, and afterwards 

a 

decreases indefinitely. 

24. But the force in air at 0 acts directly upon the cold air which is entering the chimney and 
not upon the heated air, and it is the velocity of the cold air that is afterwards transmitted to 
the heated air. Thus the formula which we have just given, for a considerable time admitted 
by all who have studied the question and by Peclet in the second edition of his work, do not re- 
present the phenomena ns they actually arc. This discovery, due to Peclet, resulted from a more 
careful examination of the facts and from several experiments which we here relate, taken from 
Peclet ’s * Traite de la Chaleur.’ 

25. Taking the case of a horizontal pine through which air coming from a gasometer flows, 
let L and I) denote tho length and the diameter of the pipe : P the excess of prciwnre in the 
gasometer over the pressure of the atmosphere : p tho force corresponding to the velocity of flow at 
the end of the pipe, both expressed in air at the external temperature 0 ° ; and A the coefficient of 
the loss of force at the orifice. Tho pipo being at tho external temperature, we shall have 


!’ — />= ( a + r, and V 


_ y/ gff P 


I + A + 


KL 


M 


Suppose now the pipe heated so as to raise its temperature to t°; admitting that the flow of 
heated air takes place by the force in heated air, this force will be P - j n ^ , and tho velocity 
of flow c, of tho cold air from tho gasometer will he 

l 


_ 1 + o0 /2</P(l +<iQ __ 

'“l+ 0 < l+a« i . a . KL/1 +o<Y I 

1 + A + D \\ + a9 ) 

and as, by placing the whole under the radical Bign, the first factor becomes 2gY 


that the ratio of V to r, is greater than the square root of 


l+« 

i + «0 


In tho new theory, wo have as tho velocity r of the cold air, 

v = V 7 - 


2yT 


i + A+SiA+i-'V 


M 


1+nS 
1 +«<' 


[<] 


and the ratio of V to r decreases but slowly, in proportion as t increases, and only by the increase 
of resistance due to friction, and which is caused by the elevation of the temperature. 

26. To determine the influence of the heating of the air in the pipe A B, Peclet had recourse to 
the arrangement shown in Fig. 1907. A B is a copper pipe 1 metre in length and 0® -01 in diameter, 
communicating with a gasome- 
ter ; throughout a portion of its 
length it was enclosed by ano- 
ther concentric tube C D ; the 
space between the two tubes 
whs closed at the ends by cocks, 
and steam introduced by the 
pipe a, and let out by the pipe h . 

When the pipe A B was not heated, a certain volume of air flowed through in 612"; and when the 

S ipe was heated, the same volume of air, under the same pressure and at the same temperature, 
owed through in 618". 


6“: 



j 
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27. To obtain a higher temperature, Peclot adopted the arrangement shown in Fig. 1908. A B 
ia a glow tube of 0™*822 in length and 0"»-0017 in diameter, fixed to the end of an iron tube B C of 



0--90 in length and Oil in diameter; !>eneath the iron tube was placed a stovo I> K of nearly 
the wime length, t«>r the purpose of holding Imrniug charcoal. For this arrangement, the conations 
[«]• [ ft ]» »nd [«.] were replaced by the following: 


V 


= y/ 2 7 I 1 

i + A-n + ^+ 


K L 
D 


d* 

D* 




r I +q> + a Q " 1 

r,_ 1+,, ‘ T+ ' ,< ’ i + a - 1) + ■ - ,_ + -JiT^ f +— y 

T d T 1> IB \1 *f ad) 


Tty M 




27 P 

Ki . K L 


, + A - B -f- — + — - 


M 


in which V represent* the velocity of flow in the small tube when the air is not heated ; r. and r 
the velocities of the cold air when the air is heated in the large tube, for the old and new theories ■ 
/, t, I), are the lengths and the diameters of the tubes A B and BO; A and B are the coefficients 
of the variations of force at the orifice, and at the point in which the tnho is suddenly enlarged. 

In this case, as in the preceding, the ratio of V to r, is greater than the square root of 1 + " * , 

whilst the ratio of V to r differs hut little from nnity. ° 

The iron tube lining at the external temperature, a certain volume of air flowed through in H20" ■ 
and when it was heated to a dark rial, the same volume of air, in the same circumstances, flowed 
through in 650". The iron tube having been replaced by another of 0” 013 in diameter and P'-lti 
in length, ttie same volume of cold air flowed through in 615" ; nnd when the tnho was heated rial 
hot. Uie time of the flow, in the same oirenmstanoea, rose to 648". The external temperature was 

These experiments do not enable us to determine exoctlv to which of the two formula) [6] and 
[c] or p‘] and [V] they conform most, because it was impossible to measure the temperature <>r the 
air on issuing, and because the increase of temperature took place successively, which prevented 
the calculation of the resistance in the tube A B. It is. however, plainly seen that tllo equations 
[6] and JV] are incompatible with the equations [ul and [a']. 

28. In the first experiment, the ratio of the velocities of tho cold air, when the second tube is 

cold nnd when it is heated, is equal to ~ = 1 0039; and, according to the formula) [«] and pj 


supposing the air at lOO -1 , this ratio should be greater than tho square root of 1 which ia 

equal to 1 • 1471. Neglecting the increase of resistance in the tube A B, which increase augments 
the ratio in question, we should have to admit fur formula p], in order to make it agree with ex- 
perience, ( = 15°-7 ; hut this is impossible, for the temperature must have been near 100’’. In the 

second experiment, tho ratio of the velocities in question was equal to = 1 -0483; and, accord- 
ing to formula pi supposing only the air at 400°, this ratio should exconl tho square root of 
! ‘0.4124 ’ Whi ° h “ “l”* 1 10 1M - KflgtoeMng the increase of resistance in the tube A B, to make 


formula p’] agree with experience, we should have to suppose t = 42° -4. But this is impossible 
for wc find in the regain- oj the erperiments these words : The a ir issuing is bunting ; a thermometer held 
in it rapidly rises to 150°. And it could not have been otherwise, for the iron tube was red hot In 

048 

the third experiment, the ratio of tho velocities was ^ = 1 0536 ; and, according to formula p 1 ], 


supposing only the air at 600°, this ratio should exceed the square root or ~~ , which is equal 

to 1-743. Neglecting ns before the increase of resistance in the tube A B. to make formula PH 
agree with experience, we should have to suppose t = «”•#. This again is impossible, for tlie 
air issued hotter than iu the preceding experiment. 

The discrepancies which we have found between the results of the formula) p] nnd P'] and these 
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of experience, arc too great to be attributed to errors of observation. For example, for the first 
experiment, neglecting the resistance duo to the increase of friction, the time of the flow should 
have been 612 x 1 * 1471 = 900", instead of 618"; that in, greater bv 900 — 618 = 282"; and this 
difference should have been much greater for the others; now, each experiment was repeated twice 
with the same result each time. 

29. It follows evidently from all these experiments that the formulae [6] and [fF] cannot bo 
admitted ; that is. when air flows in a horizontal tube in virtue of a pressure, ana the air at a 
certain distance is heated, the velocity of the cold air cannot l>e deduced from that of the heated 
air by taking as the force of this flow of cold air, the force in heated air. But if wo suiqio*c that 
the external force is applied to the cold air, the velocity will undergo only a small diminution 
resulting from the increased resistance of the heated air, mul this agrees with the exj>erinienta. 

That which we have just affirmed must evidently be true, whatever the nature of the pressure 
exerted on the cold air on its entrance into the tube may be: therefore, if it is vertical and heated 
externally, the pressure resulting from the two columns of air of the same height, one at the 
external temperature 0°, and the other at the mean temperature t, is the force which acts directly 
on the cold air entering the chimney ; this force should be measured in air at 0°, and it is this 
velocity which is afterwards transmitted to the heated air, hh we have already explained (3). 

30. Former Experiment* nu the Flow of Air in Chimneys. — Many years ago I’eelet made a long 
aeries of experiments on the flow of nir in chimneys. He employed pipes of sheet iron, cast iron, 
and earthenware, of various heights and sections. The np|uirntus was arranged in the following 
manner: the stove was large and partly covered with charcoal for the purpose of rendering the 
resistance of the fire-place nearly mil ; tin* chimney was above the stove. The tem|>cratiire of 
the air in the chimney was shown by two thermometers placed, one at the bottom, the other at tho 
top. As anemometers were unknown in those days, Peclet determined the velocity of the air by 
introducing rapidly through the opening in the ash-pan under the stove, a piece of burning tow 
which had been previously dipped in turpentine and fixed to the end of an iron rod. With- 
drawing immediately the burning tow, a small quantity of sinoke was produced in the fire-place 
and carried upwards hy the heated air. By observing the time when the sinoke was produced 
and the time when it appeared at the top of the chimney, tho velocity of the current of air in tho 
chimney was ascertained. The experiments were rel ated with the chimney more or less closed 
at the top. and at the bottom by diaphragms formed of a sheet of iron pierced with a circular 
orifice. The method of observation was too imperfect to give exact results, yet these experiments 
enabled the experimenter to ascertain some important facts of which we will tqicnk later. 

31. General Considerations on Factory Chimneys. — In order to study in a complete manner tho 
phenomena which occur in chimneys, it is necessary to have a clear notion of the general arrange- 
ment of heating apparatuses. As we have said already, they consist of tho furnace, the space 
in which the heat is utilized, and the chimney. Furnaces are usually formed of cast-iron bars 
placed in a horizontal plane, or slightly inclined, separated from each other by small intervals, 
and upon which tho fuel is placed. Demath is a space communicating freely with the nir, and 
known by the name of tho “ash-pit.” 

The space comprised between the furnace and the chimney, and where a portion of tho heat 
products] passes into the body which it iB wished to heat, has forms and dimensions varying with 
the nature of the effect to be produced. 

Chimneys are always vertical tubes or channels, constructed of brick or sheet iron, and 
designed to discharge the burned air, and to create a draught through the furnace, which draught 
is necessary to support combustion. 

32. The inward rush of external air caused by the temperature of the burned nir and by tho 
height of the chimney is called the draught. The draught of a chimney, as we have calculated 
it, is always diminished, in a very large proportion, by the resistance of tho bars, nud so on, of 
the furnace, the sudden or continuous changes of section and direction, and by friction. 

The phenomena which occur in heating apparatuses are very complicated and very varying, 
chiefly with the condition of the furnace ; but we may determine the influence of the various 
circumstances which modify the draught. We will suppose^ in tho first place, that the circuit has 
everywhere the same section, from the opening of the ash-pit to the ton of the chimney. This 
hypothesis differs but little from ordinary facts ; even to the sum of the free orifices of the 
furnace-bars a surface is given differing but little from the horizontal section of the chimney. 
Denoting, then, the section of the air-channel which conducts the air under the furnace-bars by 
8, the rate of ingress of the cold air by r, Sc will represent the volume of cold air entering per 
second. Tutting G for the resistance of the furnace, l! for that of the circuit preceding the 
chimney, and II and I) for the height and diameter of the chimney, the friction in the chimney 
will be K L (1 + « f) 8 -S- P (1 -f o •)*, eml would be exactly the same if the section of the chimney 
were the square circumscribed about the circle. Applying here the laws relative to the motion 
of compressed gnsee, we shall have, supposing the temperature outside equal to 0°, 

T— p = (G + C)p+ + «0 *Pl 

whence 

r= y/~ 

(1 + «() [l + G C + (1 + O’] 

33. The examination of this formula leads to several consequences of great importance in 
practice. 

1. When the values of G and C are very great relatively to the friction in the chimney, which 
is almost always the case, the draught is pro}iortioiial to the square rout of the height. 
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2. If wo supposed Q and C nul, which would happen only in the case in which the furnace is 
placed at the bottom of the chimney, the grating occupying only a small portion of the section, 
and the air experiencing no resistance on entering the chimney, the draught would vary very 
little with the height of the chimney ; it would be nearly independent of it when K H +D is 
very great relatively to 1. These are circumstances which occur rarely in practice, but they were 
present in the experiments to which we have alluded (30). The height of the chimney had 
hardly any influence upon the draught, because the nir experienced hardly any resistance. 

3. Suppose again that, nothing being changed in the dimensions of the apparatus, the tem- 
perature t varies. If G and C be Nupjxwed constant, the friction in the chimney being in general 
very small relatively to G + C, the draught, will vary nearly proportionally to the square root of 

^ ^ ^ , that is, in the same ratio as the theoretical draught. Thus, in the supposition which wo 

have made, the ratio of the actual to the theoretical draught would be a constant number, deluding 
only on the dimensions of the apparatus. But, in an apjmratus in operatiou, t can rise only by 
the increase of the velocity of the current, and this increase can take place only by the diminution 
of the resistance, which, in the case supposed, can result only from the condition of the furnace or 
from the raising of the register ; the draught in that case increases in a greater ratio thnn in the 
supposition of G nud C constant, only there is at the same time a certain increase in the value of 
C, resulting from the increased velocity. In like manner, the value of t could decrease only by 
the increase of resistance in the grating, or by the lowering of the register, and the diminution of 
draught would then he more rapid than if the resistance did not vary. 

31. IiOt us now see what would happeu if the circuit were interrupted by a diaphragm. This 
is a circumstance that occurs in every heating ap|*umtus, for all are provided with registers for 
the purpose of regulating the draught or of stopping it altogether during the interruptions of 
work. Wo will first suppose that the diaphragm is placed in that portion of the air-chunnel which 
conducts the external air buueuth the gratiug. Denoting the orifice in the diaphragm by d its 
diameter, we shall have 

r-/> = (G +€)/>+ + »«0V + (^r“ 1 )/ ,; 


whence c = \/ “ 

1 -f at 


1 + G + C + -j?(I+a/)* + £ - 1 


neglecting the loss at the entrance into and the gain at the issue from the orifice, which are both 
very small relatively to the denominator of the second radical in the value of c. 

It follows from this formula that the influence of the diaphragm becomes smaller as the total 
resistance of the circuit becomes greater. In large steam generators, the actual rate of ingress is 
Ices than a filth of the thooretical rate, ^supposing it equal to this fraction, we shall have nearly 

, = VhEH \/ 1 . 


1 + a t 


■+S-i 


If we suppose that the ratio of the sections of the chimney and of the orifice ^ becomes succes- 
sively, 2, 4, 6, 8, 10, 20, 40, (50, 80, 100; the values of the second radical will bo 0‘ 189, O' 158, 
O' 130, 0 1006, 0 09, 0 018, 0 025, 0 0160, 0 0125, 0 01. The value of the radical without the 
diaphragm is O' 20, and by the influence of the diaphragm it is reduced in the proportion, 0*915, 
0'75, 0*64, 0'53, 0*45, 0*24, 0*12, 0*083, 0*002, 0*059. Thus, us it was easy to see by inspection 
from the formula, diaphragms diminish the draught in a proportion much smaller than the ratio 
of the sections; a diaphragm which reduces the section to u tenth reduces the draught by only the 
half. This small influence is duo to the retardation of the velocity by the diaphragms, and, con- 
sequently, the diminution of resistance iu the rest of the circuit. 

35. The diaphragm reducing the rate of flow in a proportion less than the ratio of its section 
to that of the chimney, it follows that the velocity of the air in the orifice of the diaphragm must 
increase in proportion as its surface decreases. In the general cose, the velocity of the air in tlm 
diaphragm is : 


y/ D* y/ 

1 + at * * 


l + O + C+-~(l + «0« + ^-l 


uii'l in the iKirticulnr case which we have examined, we have 


/ 01 

_ ^/ 2 ;/ H a 1 V d> 


1 + tit 


D* 




Taking as the ratio of the sections — the same numbers as before, we find as the value of the 
second radical, 0*378, 0*632, 0*77, 0*85, 0*90, 0*97, 0*992, 0*996, 0*998, 0*999 ; and as the value 
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of this radical without the diaphragm is 0 20, the velocities in the diaphragm with respect to the 
velocity in the circuit are, 180, 3*10, 3*87, 4*20, 4*49, 4*85, 4*96, 4 98, 4*99, 4*99. 

Thus this ratio approaches 5 as the diameter decreases, because the actual velocity without the 

diaphragm is 0*2 = - of the velocity due to the force, and, the diaphragm retarding the velocity 
in the chimney, diminishes the friction. It is evident that if the velocity of the current of air were 
a fraction — of the velocity V due to the force, the ratio in question would continually approach 

m as the diameter of the diaphragm diminished. 

36. If them were in that portion of the air-channel which conducts the air to the ash-pit several 
diaphragms at a sufficient distance apart to allow the vein of air, after having traversed each of 
them, to till the space in which they are placed before meeting with the next, the velocity would 
become 


v 


y/tgHaty/ 1 , 

l + at l + 0 + C+~(l + aQ'+m(5i-l) 


and if — were ver y great relatively to the terms which precede, for the same value of — „ the value 

of t would vary in an inverse proportion to the square root of m. 

37. Wo have? supposed that the diaphragms were placed in the current of cold air before it 
reached the grating of the furnace; let us now siipiMisc them placed in that portion of the circuit 
traversed by the heated air. As the velocities are inversely as the densities, we shall have in general 

P-J. = (O + 0/1 + ~ (1 + + l)(I +a<JJp: 


whence v = 


\/yi" > v/ 1 

1 + “ ‘ 1 + (i + c + 55 (i + .«)> + ■ (Jr - 1 ) o + • V 


Thus diaphragms placed in the current of heated air reduce the draught more than when they 
are placed before the ash-pit, because the velocity of the heated air is greater than that of tbo 
cold air. 

38. Experiments made by M. Combes confirm the consequences which we have drawn from the 
general formula. It was found that by closing the orifice for the ingress of tin* air into the ash-pit 
of a generator, by means of a sheet of iron pierced with holes, the velocity of the air traversing the 
aperture, measured by an anemometer, continued to increase with the decrease of the size of the 
holes. The following are the details of this experiment. 

The chimney was 20 metres in height; its section at the liottom being 0*383 square metre, and 
at the topO* 196 square metre. The surface of the furnace-grating was 0*6525, ami the sum of the 
spaces between the bars 0*168 square metro. The mouth of the ash-pit was covered with a sheet 
of iron pierced w ith six square holes of 0 m * 167, and having a surface of 0*028 square metre each, 
and altogether a surface equal to the whole open surface between the bare. 

The velocity was first ascertained by means of an anemometer with all the holes open, imme- 
diately after the fire had been made up, and again after it had been stirred. Two experiments 
made in succession pave ns the velocities 0"*5275, l" 1 *68, O^-SC, l m *15; mean, 1“*17. With 
two of the holes closed, under the same circumstances, the velocities were 1 *007, 1 *99, 1 *89, 2*05 ; 
mean, i ro *88. 

When four of the holes were closed, the velocities under the same circuwstuncea were 3*51, 
4*05, 2 *08, 3*46; mean 8® *42. 

In these three series of experiments, the surfaces for the ingress of the air were 0*168 x 0*65 = 
0-1092 ; 0*0728 and 0*0364 square metre; and the mean velocities 1*17, 1*88, and 3* *42. Thus 
the velocities increase rapidly with the decrease of the sections of the orifices; for orifices In the 
proportion of 3, 2, and ), the velocities increased l *26, 1*65, 3. 

39. Lateral Pressure in Chimneys. — Suppose a chimney placed beyond a furnace of any form, and 
an opening made in it nt n certain height; it is evident that the external air will enter with a 
velocity greater in proportion to the nearness of the aperture to the ground. At the top, this velo- 
city is nul. This rush of external air would occur if the aperture were iu any part of toe heating 
apparatus. ' Therefore care should always be taken in building to avoid an ingress of external air 
through fissures in the masonry, because they always occasion a loss of draught and often diminish 
the useful effect of the fuel.. 

40. It follows necessarily from what we have said, that inside the furnace and chimney there is 
a negative pressure, that is, smaller than that of the atmosphere, and that this negative pressure 
continues to increase from the ash-pit to the bottom of the chimney, and decreases in like manner 
to the top of the chimney where it is nul. 

41. Ltfccts produced l»j the Meeting of Currents. — When several pipes enter the same channel, 
the currents of air project themselves beyond the orifices, and in certain circumstances they may, 
by their mutual action, modify the velocities of the air in the pipes. If, for example, two pij»es 
entered a third exactly opposite each other, the third pipe being perpendicular, the influence of the 
currents would he nul if they had the same velocity ; for the effect would bo the same ns if the 
currents flowed against a fixed plane placed between them. But if the velocities were unequal, 
the current having the greater velocity would diminish that of the other, and close more or less 
the orifice through which it flowed. A vast number of phenomena leave no doubt on this fact ; 
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besides, these currents must act upon each other in nearly the same manner as currents of water, 
and it is known, from the experiments of Savart, that when two currents of tho same section act 
in contrary directions and one of them has a very small excess of velocity over the other, the latter 
is driven back to the mouth of the vase, and the flow c eas e s completely. The effects resulting 
from this collision may he prevented by placing in the pipe a diaphragm P, as Bhown in Fig. 1909. 

42. Phenomena of the same kind would occur if the two pipes were at right angles to each 
other. Fig. 1910, with tho additional complication caused by the effect of the lateral pressure. 
But these effects may bo wholly avoided by means of tho diaphragm P. 

IWt. 1910. 1911. 




If the pipe were enlarged, as in Fig. 1911, the narrowing of the pipe in front of mouth of the 
lateral pipe would have tho effect of a diaphragm; tho influence of the collision of the currents 
might l>e neglected, hut that of the diminution of pressure, due to the enlargement of tho pipe, 
might he very great. 

49. In the rase of a current of heated air flowiug horizontally into a vertical chimney, it may 
happen that the draught is completely stopped, though the section of the chimney is larger than that 
of the current of heated air, when the velocity of the latter is very griwt. because in that case it will 
close the chimney like a plug. This is a fact which Peelet has had occasion to remark several 
times, and especially in the case of a chimney which he had built in a soda manufactory, and 
which formed a portion of a condensing apparatus. This chimney was 13* *80 in height, and had 
a section of about 0*75 square metre ; the sruoke-cbanncl entered it horizontally, Fig. 1912. When 
the fire in the furnace Kll , 

was kindl' d, the draught 

existed : it increased for /] "4 .Vy 

some time, and then ||7 jL9f 

gradually decreased, till / 

finally it censed. Peelet f yffipr 

anon discovered the cause pJujrT 

of this singular phenomo- 

non, and removed it by ; «c'. 

a vertical jmrtition A 

placed in the chimney so h fV I* 

that the heated air did < i : 

not come in contact with 
the gases of the chimney 
until it had taken the 

same upward direction. - f* 

Thus, it is necessary • • . . • l . 

in all dr. i. ht < imnii* \ - '' ^ ~ , ff) 

which receive currents I ^ - , / j 

rect them according to j '' r j ' A 

the axis of the chimney t*! |BpP*3jLv f 

befo re they oomo in con- _ - ;L ^ • — 

quantity of beat lost by 

chimneys is very considerable, because the bumod air is allowed to escape at very high tempera- 
tnrea, always higher than that of the heated body. This quantity varies with the temperature 

of the air which escapes, with the volume of cold air entering the furnace, and with the weight 
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of water contained by the fuel, or produced by its combustion, for the gases aro almost always 
evolved at too high a temperature to allow the coudctniatinn of the steam. This loss tuny be com- 
puted approx i runt ively, however, by comparing the tenqiemture of tho burned air in the chimney 
with that which it would have if all the heat produced were employed to heat it. In this calcula- 
tion it may he assumed that the burned gases possess the calorific capacity of air. 

For example, in steam generators the burned air is discharged at about 300°, and on an 
average 18 cubic metres of air is employed per kilogramme of coal, or 18 X 1*3 — 23 k *4; taking 
0 * 24 ns the calorific capacity of the gases produced, the temperature to which the gases would be 
raised by the 8000 calories or units of heat, resulting from combustion, would Ik* equal to 8000 
-4- (23*4 x 0*24) = 1425°; consequently, tho loss is equal to 300 + 1425 = 0*21. This loss 
would evidently be doubled or trebled if twice or three* tunes tho quantity of nir were employed, 
and it would f>o reduced to 0*1 if only that volume of nir were employed which is rigorously 
necessary to combustion. Under ordinary circumstances, the loss must !»e reckoned at not less 
than 0*25, on account of the steam produced. 

In furnaces for melting metals and for the production of coal-gas, tho burned air is nil owed to 
escape at a much higher temperature, on account of the high temperature of the substances heated, 
and the loss of heat is much greater. The loss often amounts to 0*80 or 0'lM), even when the 
volume of air which escapes combustion is very small; but the heat thus lost may, in general, he 
utilized, at least in a great measure. The utilization of this lost heat is a question of the highest 
importance in factories, for tho cost of fuel is nearly always a considerable item iu the cost of tho 
productions. We will return to this subject later. 

45. Arrangements for utilizing the whole of the Heat produce*! by a Furnace . — In tho apparatus 
generally employed, the chimney is plneed beyond the furnace, which causes, as wo have seen, a 
loss of heat that may be avoided by certain arrangements. 

I>et us suppose that above or 'beyond a furnace, well enclosed, there is a chimney of 3 or 4 
metres in height, of considerable thickness, and constructed of badly-conducting material. Tho 
burned air in this chimney will have a very high temperature, and will acquire an ascending 
velocity much greater than that necessary to support combustion. Suppose, again. Hint above this 
chimney, in its continuation or at the side of it, is the boiler or body to be heated : the course of 
the smoke may be lengthened, so ns to cool it completely or almost completely; and on leaving 
tho heating surfaces it may be allowed to escape immediately into the air, or conducted to a 
chimney, the use of which is merely to discharge it at a convenient height in the atmosphere. 

A similar arrangement is adopted in certain kinds of glass-works; the height of the draught 
chimney is equal to the distance from the furnace-grating to tho roof of the furnace, and the 
burned air may give up all its heat in the arch if the latter is of sufficient length. 

40. At first sight, this method seems applicable only when tho bodies to be heated aro to bo 
raised to a temperature exceeding but little tho ordinary temperature, since the burned air cannot 
be ejected at a temperature lower titan that of these bodies. But by moving the bodies to las 
heated in a direction contrary to the motion of the heated air, it is evident that, in almost all casiu, 
nearly the whole of the heat of this air may bo utilized, and tho temperature reduced to that of tho 
atmosphero. 

47. This method, which consists in plucing tho chimney in front of the heating surfaco, has a 
disadvantage which we ought to point out. The heating surface must bo larger than iu the ordi- 
nary arrangement, because it is not heated directly by the radiation of the fuel ; notwithstanding 
this disadvantage, however, there aro many cases/ os we shall see later, in which this method may 
be adopted with profit. 

48. The apparatus may bo arranged ho ns to produce the draught through the heating surface. 
The arrangement consists in placing the body to be heated in the chimney. If the channels of 
circulation are nnrrow, and the heating surface large, the burned air will reach the top of the 
chimney at a temperature but little above that of tho heated body, although the draught be very 
strong, because tho ascending velocity will depend on the mean temperature of the burned air in 
the channels of circulation, and the temperature at the bottom will be that of the furnace. This 
arrangement is seen in lime-kilns. 

49. Dimcntions of Factory Chimneys. — The work of a chimney consists, as wo have said, in draw- 

ing into the furnace the volume of nir necessary to combustion. The weight of fuel to be burned 
per hour is always given ; the height of the chimney is, in general, determined by particular con- 
ditions, but the section depends on tho volume of air employed in consuming each kilogramme of 
fuel, on the mean temperature which the air will have in the chimney, on the loss of force occasioned 
by friction, on the changes of section and direction, and on the resistance of the furnace-grating. 
The phenomena occurring in the draught of a heating apparatus are so complicated, tliat we cannot 
hope, by means of simple theoretical considerations, to calculate exactly and for every case tta 
section which should be given to a chimney to produce a given effect. These calculations wouiu 
he rendered more inexact by the facts that we do not know beforehand the timiiemtim* of the air 
in the chimney, the mean temperature of the air which circulates around the DOdv to Imj heated, 
nor the resistance of the grating, and that these three elements, which it would be necessary to 
know before calculating anything, vary with the condition of the fuel in the furnace, and with its 
thickness upon the grating. Thus, in every case, we must consider the results of experience to 
ascertain what section should be give* to a chimney; but it is important to remark that there will 
always be nu advantage in giving to chimneys an excess of section, because this produces an excess 
of draught which may be necessary in certain cases, and which may always be regulated by means 
of a register. - 

50. For fixed steam generators, arranged in tho usual way, Peclet discovered, by bringing 
together n large amount of information, and by name experiments, that for chimneys having 10, 20, 
and 30 metres, containing air at 300°, with gratings, the open spaces of which aro equal to the 
section of the chimney, and upon which is burned 1 kilogramme of cool Bn hour per square deci- 
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metre, circumstance* of ordinary occurrence, the rate of ingress of the cold air is about 0*18 r, 
0* 17 t, 0- 1G e, r being the theoretical rate. 

For the heights of 10, 20, end 90 metres, which wo have supposed, and for a mean tem- 
perature of 300' in the chimney, the mtea of ingress of the cold air, deduced from the formula 

V = y / , aro 10*13, 14*33, 17*55 metres, and, consequently, tho actual rates are 

0*18 x 10*13 = 1*82, 0*17 x 14*33 = 2*44, 0*10 x 17*55 = 2*80. The volumes of air drawn an 
hour per square decimetre of section being v x 0*01 x 3000, will be for the three heights, 05*52, 
87*84, 100*8 cubic metres; and assuming thai only the half of the air is transformed into carbonic 
acid, and, consequently, that tho volume of air required to burn 1 kilogramme of coal is equal to 
18 cubic metres, the weight of coal an hour per square decimetre of section will be represented by 
the preceding numbers divided by 18, that is equal to 3*42, 4*71, 5*50 kilogrammes. These 
numbers differ but little from those adopted by the most experienced engineers; by employing 
them we may be sure of Laving a considerable excess of draught, but no disadvantage can result 
from this, as we have shown above. 

The proportion of the section of the chimney to the consumption of fuel necessarily supposes 
that the resistance remains constant, nn hypothesis that may be admitted ; for the resistance caused 
by tho grating and by changes in the direction of the current, undergoes but little variation, ami 
that occasioned by friction has, iu general, but little influence on the total resistance. 

51. According to the foregoing, denoting the sum of the resistances experienced by the air in 
its course by H, we have in the three cases considered, 

r = 018V = V\/ y-J-g; r = 017V = V \/ t = 01GV = V\/ 

and the values of It are 29*98, 33*49, 38*29. These numbers represent the sum of the resistances 
due to friction, to changes of direction, and to the grating. 

Comparing the dimensions of a large number of generators, we find that, for the three heights 

of chimney given above, the values of -jp are equal to 1 5, 2*37, 3*57: as there are usually 

eight changes of direction at right augles, assuming that these changes take place in a continuous 
manner, the corresponding loose* would l>o represented by 4 ; and considering the velocity iu the 
chimney os double that of ingress, which is not far from the truth, the sum of these two kinds of 
resistances would be 5*5 x 4, 0*37 X 4, 7*57 x 4, or 22*0, 25*48, 30*28; the resistance of the 
furnace would then be represented by 8. But these calculations must bo considered as only 
rough approximations, sufficient to give an idea of tho value of the different kinds of resistance 
which take place. 

52. ikvtitms of the Chi tansy* of Generators for different kintls of Fuel, — Is?t us consider two gene- 
rators having the same form and dimensions, tho furnaces of which are supplied with different 
kinds of fuel, containing only carbon and fixed matter. It is evident that, if for each of them the 
same portion of air eacajicd combustion, the phenomena would be the sume ; the only difference 
would Ik* that resulting from the unequal quantities of radiated heat, and from the unequal reeist- 
anoe of the furnace ; but these differences would be of small importance, and could occasion but 
little in the weight of carbon burnt per square decimetre of chimney. But if one of the kinds 
contain water or produce it, the sections of the chimneys, for the same weight of fuel, will no 
longer he the same. In this case, wo may admit, as an approximation sufficient for practice, that 
the sections of the chimneys are projwrtional to the volumes of the gams to which they are to 
give n passage for the combustion of the same weight of the different kinds of fuel. If we denote 
by 8 toe section of chimney necessary to consume a weight P of coal, by 8' the suction of chimney 
corresponding to tho combustion of a weight P of another kind of fuel, by V anil V the volumes 
of tho gases which arp evolved by the combustion of a kilogramme of the two kinds, we shall 

8 x V* 

liave S' = — — — ; from this we obtain tho following results : 

Dry wood S' = S x = 0*59 x S. 

Wood with 0*20 of water S' = S x = 0*43 x 8. 

. 12*01 

Dry turf with 0*05 of ashes .. .. 8 =: 8 x = 0*09 x 8. 

K‘78 

Turf with 0*20 of water 8‘ = 8x r.-rj = 0*51 x 8. 

1 1 * 28 

Charcoal 8’ = 8 X p ^ = 0*88 x 8. 

Coke with 0*02 of ashes 8' = 8 x j 3 *- ^l = 1 *00 x 8. 

17*28 

Coke with 0*15 of ashes S' = 8 x = 0*87 X S. 

17*28 

These numbers necessarily supjxiee that the resistance of the gratings is the same for all kinds 
of fuel ; this is not strictly true, for all kinds of fuel do not encrust the bars ao* much as most 
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kinds of coal ; but, as we shall see later, smaller surfaces of grating are employed for coke, wood, 
charcoal, and turf, so that the resistance of the prating* ought not to differ much. They suppose 
also that the other resistances do not change with the section, for it is on this condition that the 
volumes of air are proportional to the sections ; but when the forms of the generators are alike, 
there is the same number of changes of direction, and the differences of section have only a small 
influence on the total resistance. But these numi>ers must be considered as approximative values, 
representing, however, sections producing an excess of draught. 

53. It is important to examine what would happen if the chimney only or the whole of the 
circuit had a section greater than thnt resulting from the precoding considerations. 

Suppose, in the first place, that a larger section is given to the chimney alone ; the draught 
will increase on account of the expansion which the heated air will undergo on entering it, and 
on account of the diminution of friction. But in general this increase of draught will be small, 
and, if the chimney is too large, the velocity of the heated air mav bo diminished to such a degree, 
that the draught will be modified by the influence of the wind. It might even happen, if the 
section of the chimney wore much too large, that the current of heated air did not completely fill 
it, and in that case downward currents of air would be caused which would greatly diminish the 
draught. To remedy this, it would be necessary to reduce the section of the chimney by a register 
placed in the upper portion. 

If. on the contrary, the section of the chimney were diminished so ns to mako it much smaller 
than that of the gatherings, there would be a loss of force which could he compensated only by an 
increase of temperature of the heated air. Even this compensation could not be effected w ithout 
difficulty, and would Is? confined within narrow limits. 

54. if the gatherings, the furnace-grating, and the chimney had a section much larger than 
those we have indicated, it is evident that, for a constant consumption of fuel obtained by closing 
the register in a greater or leas degree, the resistance would diminish in proportion as the section 
increased, and finally we should obtain as the rates of ingress and egress of the gases the theo- 
retical rates. To effect this, it would not be necessary to make the diameter of the air-channel 
very large ; for if it were only five times the diameter calculated, the velocities would bo twenty- 
five times smaller, and every kind of resistance 25 x 25 = 625 times less. This would be, there 
fore, a certain means of suppressing every kind of resistance ; but in that case, to protect the 
draught from the influence of the wind, the register would have to be placed at the top of the 
chimney. This arrangement would largely increase the cost of construction and the loss of heat; 
for this reason it is never adopted. 

55. Various Methods that hare Item proposer! to determine the Section of Chimneys. — Montgolfier w as 
the first who endeavoured to determine the section of a chimney, taking as starting-points its 
height, the volume of air necessary to combustion, and the temperature of the burned air. But he 
did not consider either the friction of the air against the sides or the resistance of the grating. 
The section thus determined was much too small. 

Clement, in his lectures at the Conservatoire, gave Montgolfier’s method ; but he took only the 
fifth of the velocity calculated, which gave too large a section. Tredgold, in his * Treatise on 
the Steam Engine,* gives a complicated method founded upon singular suppositions. He starts 
from the theoretical velocity, on the supposition that for boilers the temperature of the smoke is 
equal to that of the steam ; and he multiplies the velocity obtained by 0*65, which represents the 
flow of air through orifices in a thin material. 

According to M. IMrcet, chimneys should he 10 mi tres in height, and have a section such that 
each square decimetre may correspond to a consumption of 3 to 3*3 kilogrammes of coal an hour; 
the surface of the furnace-grating should be three times greater than the section of the chimney. 
These results differ but little from those we have indicated. 

56. Influence of the cooling of the outer surface of Chimneys upon the Draught. — It might bo thought 
that in isolated chimneys, traversed by air at a temperature of altout 306°, the quantity of heat 
emitted by the surface being considerable, the air undergoes ft great lowering of tcni|>ereture, 
which must diminish the draught ; but this is not the case. The quantity of heat carried away 
by the heated air is always very great relatively to that lost through the surface of the chimney, 
and the cooling of the air has no appreciable effect. Let us, by way of example, consider a 
chimney of 20 metres iu height, 0 m, 5 in diameter, and 0*196 square metre in section, containing 
air at 300°. The theoretical rate of ingress of the cold air through a channel having the section 
of the chimney will be 11" *93, the actual rate 11 *93 x 0* 165 = l m *968, the volume of air entering 
an hour, 1*968 x 3600 = 7084 cubic metre*, the weight of which is 7084 x l k *3 s* 9209 kilo- 
grammes, and the quantity of heat carried away an hour about 9209 x 800 -+■ 4 - 553175 units 
of heat. Now, according to the formulae of the cooling, which we shall see later, the quantity of 
heat emitted an hour, a lineal metre, under these conditions, is 1587 ; for the 20 metres, therefore, 
the loss will be 1587 x 20 = 31740. The ratio of 31740 to 553175 is 0*057. Thus the loss of 
heat through the chimney is not of the heat carried away by the air ; consequently, the tem- 
perature of the air will not be lowered by 0*06 — that is, it will remain above 282°, and the 
draught w ill not be affected in an appreciable degree. 

57. For an iron chimney of the same dimensions, the quantity of heat emitted would lx*, 
according to the formula?, 8037 a lineal metre, and 1G0740 for the 20 metres. The ratio of the 
heat lost to the heat carried away by the air would then be 160740 -*- 553175 = 0*29. Thus, the 
temperature would bo reduced by 87°, and the heated air would escape at about 213°, which 
corresponds (10) to a diminution of 0*1, nearly, in the draught. 

58. Calculation of the Diameter of Chimneys in the general case. — All that we have said respecting 
the section of chimneys, designed to produce the combustion of a given weight of fuel, is applicable 
only to chimneys of fixed generators in ordinary conditions, when the temperature of the air is 
alsnit 300°, and when about 1 kilogramme of coal is burned an hour and on a square decimetre of 
surface of grating. But, if the circumstances were different, the sections recommended would not 
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he suitable. As it is of great importance to be able to calculate them, at least within a certain 
degree of approximation, in every ease that may occur, Peclet lias endeavoured to find a simple 
method of accomplishing it. 

59. We will suppose that the consumption of coal a square decimetre of grating is always about 
1 kilogramme an hour. We have seen (51) that, for generators having chimneys of 10, 20, ami 30 
metres in height, the resistance is about equal to 8. 

Supposing the section of the air-channel constant and square, and denoting its length by L, the 
side by 1>, the number of changes in direction at right angles by N, we shall have os the rate of 
ingress of tho cold Air, 

* = igJOat I 

l+al 1 + » + (*,- + N ) (!+»'}* 

But denoting by V the volume of cold air required a second, which volume may be easily 
deduced from the weight und nature of the fuel to be consumed in the same time, and by 8 tho 
section of the conduit, we shall have 

V = Br; and r* = ~ . [2] 

Equating the values of t 3 in the equations [1] and [2], 

2gRat D 4 

1 -f u t * 9 D + (K L + N l>) (1 + <i 0*’ 

if t wero known, putting in the place of V, jj, II, a, N, their values, the last equation would assumo 
the form 

D* = A + BD, [3] 


an equation that may be Bolvod approximntively, by neglecting at first A or B, substituting tho 
value of D, thus found, for I) in the second member of equation [31, and successively (or L> 
the last value obtained, until two consecutive values differ only by a quantity smaller than tho 
approximation required. » 

If the temperature t were not known, we should havo to assign to it a certain value found by 
experiments on similar apparatus. We will remark here that great accuracy in the value of t is 
of no importance ; for, as wo have seen (10), the draught varies only in the ratio of 57 to 71, for 
t = 159 and t = 300 . 


(30. As an example of these calculations, suppose it be required to burn 50 kilogrammes of coal 
an hour; let L = 40 metres, t 15ff’, and let there be ten changes of direction at right angles, we 
shall have V s 50 X 18 -t- 3(300 = 0*25 ; *2 y Hat = 1(31 *40; 1 + <i * = 1 *55 ; KL= 0 *96 ; uud 
the formula [3] becomes i) J = 0*00057 -f 0*0114 L>. Neglecting, nt first, the first term, and ope- 
rating by successive approximations, we find for D the values 0*325, 0*3315, 0*31317, 0*338, 0*3318. 
Thus the second substitution gives the value of D within a centimetre. The section being about 
13 square decimetres, the consumption of fuel the square decimetre would be about 3 kilogrammes. 

61. We have *up|Hmed that the resistance of the furnace-grating was constant and equal to 8 ; 
this will be the case when the consumption of crwl the square decimetre and by the hour, is 1 kilo- 
gramme. If this consumption were !»•«*, the velocity of the air traversing the grating would ho 
smaller, as well as tho resistance, and consequently the section of the chimney calculated in 
the manner described would be too largo. In the contrary case, it would of course be too small. 
In every case, it may be admitted that the resistance of the grating is proportional to the square 
of the velocity of the air traversing it ; thus, denoting by n the number of kilogrammes of coal 
burned an hour the square decimetre, the resistance would be equal to 8« 3 . 

(52. The results of these calculations must lx* considered as only approximative, because they 
rest upon hypotheses relative to the resistance of the grating and to the temperature of the air iu 
the chimney, and because the numbers admitted may therefore he considerably from the truth. 

63. The preceding remarks suppose not only that the air-channel retains its section throughout, 
but that it is not divided into several branches traversed simultaneously by the gases from tho 
furnace. For if it were SO, the sum of the resistances in the | martial channels would be greater 
than that which the air would meet with in a single channel having the same section. When the 
air traverses simultaneously a large number of equal pipes, ns in locomotive engines, the resistance 
is represented by K / S 2 -j- d 8,*, or by K/D'4- a* </\ 8 denoting the section of the whole channel, 
8, that of the tubes, D the dinweter of the channel, <f that of the tubes, and a the number of the 
tubes. 

64. If in a long circuit, from a generator or any other apparatus, there happened to lie a number 
of tubes, we could not, without mod ideation, employ the method indicated (59), to calculate tho 
diameter of the chimney, because this method supposes the chauuel single throughout its length 
and constant in section. It might, however, lx* used tentatively. In fact, tho resistance of a 
number of tubes is equivalent to that of a single pipe of a diameter D, tho L of w hich is given by 
the equation 


K / D 1 


KL 
1) 1 


. I ' I>4 

whence L = • 

n* d* 


M 


Taking first a certain approximative value of D, we deduco from it the value of L by means of the 
equation fa] ; the equation [3j (59) will give a new value of D, which will enable us to liud a new 
value of L, and so on, till a constant valuo of L is found, and consequently of D. Besides, as in 
general we need only a rough approximation, and as in generators with tul>c« the course of tho 
smoke is always very short, the increase of resistance in the tubes is nearly compensated by the 
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diminution of length of circuit, and by the increase of the sura of the sections of the tubes, so that 
we may take ns the section of the* chimney that indicated in (50). 

05. Chimneys common to several Furnaces. — In most large factories there is only one chimney for 
all the furnaces. Two advantages are derived from this arrangement — 1, a saving in the cost of 
construction; 2, uniformity of draught, which does not exist in a chimney communicating with 
only one furnace. The saving is obvious, for one chimney costs less to build than several, supposing 
the section of the single chimney equal to the sum of the sections of the others. With regard to 
the second advantage, it must Is.* remarked that, in a furnace liaviug a special chimney, the draught 
is very variable ; it is small immediately after the Are is made up, and increases in proportion as 
combustion becomes more active. It is diminished in a high degree by opening the furuaoe-doora. 

Jlut if several furnaces communicate with a common chimney, and care lie taken to make up the 
fires successively, a mean draught will exist in the chimney, which will increase in regularity with 
the number of the furnaces. 

A common chimney has usually a section equal to the sum of the sections of the partial chim- 
neys that would correspond with each furnace. The section thus obtained is certainly t<x> great. 

Is -cause the resistance is much smaller than the sum of the resistances in the partial chimneys 
which it replaces. But this excess of draught, which may be modified at will, offers no incon- 
venience. 

GG. Chimneys in which the Smoke, or the Gases soluble in Water, are precipitated or absorbed by 
Injections of Water. — It has boon proposed to precipitate the smoke and to dissolve the soluble gases, 
which, in certain circumstances, are found mingled with the gases from the furnace, by dropping 
water under the form of very fine rain into horizontal pipes traversed by the gases before reaching 
the chimney ; but the gnses being almost completely cooled, it became necessary to reheat them to 
produce tin- draught. 

Hedley, an ironmaster at Newcnstle-on-Tyne, invented the plan of making the smoke pass 
through a series of vertical pipes, ascending and descending, and into each of the pipes in which the 
smoke descended he dropp'd a small quantity of water. In spite of the cooling caused thereby, 
the draught was very strong, even in pipes of 3 or i metres in height. Bv this means, all the 
matters carried off by the gasos may be stopped, and especially the soot which Hosts upon the 
heated air. This arrangement has Ixjen successfully applied to a locomotive of the Sunderland and 
Durham Railway. Although this mode of condensation has long been known, it has never been 
generally adopted, because it is complicated and necessitates a certain amount of labour to raise 
the water required for the purpose of condensation, and because this water, if not clean, would 
often be a source of embarrassment. But this arrangement would possess great advantages when 
in the gases which escape from the furnace there an*, independently of those involved by combus- 
tion. noisome gases and vapours, such ns those evolved in the manufacture of soda, or solid matters * 

carried off by the current and which it is profitable to arrest, as in the case of lend or zinc works. 

G7. Drawjht Chimneys , — All chimneys are, strictly speaking, draught chimneys; but wo denote 
in a more special manner by this name chimneys constructed for the purjiose of rendering certain 
situations wholesome by ventilation. In these, the phenomena that happen are much more simple 
than in factory chimneys. Indeed, the air drawn through them, being usually only slightly 
heated, is not all found to pass through the furnace-grating, which occupies only a small portion 
of the section of the chimney. Sometimes even the furnace is placed laterally, so that the auction 
of the chimney is not sensibly changed iu tlte vicinity of the grating; the resistance of the latter 
may, in this case, be wholly neglected, and the results of calculation are then very accurate. 

'When a grating is wholly covered w ith fuel, and the whole of the air drawn by the chimney is 
forced to pass through it, if there is no appreciable loss of heat by radiation, the temperature of the 
air beyond the grating is about 1200’, and the volume of air drawn per kilogramme of coal is 
18 cubic metres. For draught chimneys, on tho contrary, the air is rarely boated al»ove 20®; the 
heat which it absorbs the cubic metre is l k * 3 x 20 x 0 25 = G*5, and, consequently, the volume of 
air drawn by 1 kilogramme of coal is 8000 + 6*5 = 1230 cubic metres. 

G8. To begin with the simplest case, let us consider a draught chimney of a height H and a 
diameter D, communicating in its lower portion with a cylindrical channel of a length / and a dia- 
meter d smaller than D ; denoting the temperatures of tho air in the chimney and the air in 
the channel or pipe by t and 6, the negative pressure at the bottom of the chimney will l>o 
11 a (< — 9) -i- 1 a t ; denoting it by P, and calling p the force corresponding to tho effective velocity, 

wc shall have 1* — p = — p + -=r- • ... p + p + (A — B)p. The first two terms of the second 
a D U f 

equation represent the resistance occasioned by friction in the pipe and in the chimney; tho third, 
the loss of force due to the sudden change of direction ; tho last, the loss of force at the entrance of the 
pipe and the increase of force at the entrance of the chimney. But in general the conduct! tig-pi I*** 
ary long enough to render their resistance very great relatively to tho value of A — B. Thus 
the second member of the equation may be reduced to the first three terms, w'hich gives as tho 
rate of ingress, 


1 +at K I Kit d 1 

d + D ‘ B< + ‘ 


[»] 


GO. Suppose, for example, a square chimney communicating w'ith a pipe having also a square 
section ; taking H s 30 metres, D = 1 metre, d = 0®’5, / = 500 metres, 6 = 15°, t = 85°, the for- 
mula becomes 


v/19-62 X SO x 0 00366 x 20 ,/ 1 

1 + 0-00306 X 85 V 21 + 0-72 + 2 


018 x 0 -193 = 1—19. 


J 
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Tho section of the pipe being 0*25 square mMre, the volume of air drawn per second will be 
1*19 x 0*25 = 0*297 cubic metre; the expenditure of beat will be about 1009 x l k *3 x 20 x 
0*24 = 6070 an hour, a quantity of beat only slightly less than that produced by the combustion 
of 1 kilogramme of coal. 

70. Let us now consider the moat general case. Suppose a chimney, still prismatic, communi- 
cating with a pipe turning in all directions, the several parts of which are at different temperatures. 
The variations of temperature will act in two ways: 1st, by modifying the force which occasion! 
the flow; 2ud, by causing variations of velocity, and, consequently, variations in the resistance 
due to friction. But, as the influence of the variations of temperature upon the velocity, and, con- 
sequently, ujhw the friction is von* small, we may suppose that the velocity varies only inversely 
as the sections. Then, denoting the force and the total sum of the resistances by P and It, the 


velocity of flow* will lie given by the formula v — 


1 x K 


The value of R may lie found by the methods indicated when treating of the flow of com- 
pressed gases. 

71. Construction of Chimneys — As the height ami the section of chimneys may be determined 
l»y the preceding considerations, we have now only to examine the nature of the materials, the 
thickness, and the general arrangements to be adopted. 

72. Factory Chimneys. — Factory chimneys always stand alone; they arc constructed of bricks 
or of iron, anti with either of these materials they produce the same effects, because the cooling 
which the air undergoes in iron chimneys has no appreciable influence upon the draught (57). 

73. The best form of section, from the point of view of diminishing the resistance, is that which, 
for a given surface, has the least perimeter or circumference. This is. of course, the circular form, 
and next the polygonal with a large, number of sides. Iron chimneys have always the circular 
form. In brick chimneys, the section is circular, square, or octagonal. Round chimneys are 
generally preferred ; they require, for an equal section, less material. 

74. Let us now examine the form of the vertical section passing through the axis. When 
chimneys are of small height, they are made prismatic internally, ami the walls have a greater 
thickness at the base than at the summit, Figs. 1913, 1914. l$ut when they are of great height, 
they have always the form of the pyramid inside and 
outside. Figs. 1915, 191(5, to increase the base on which 
they stand, while reducing, us much as possible, the 
cube of the masonry. It is impossible to calculate the 
interior and extenor diminution of section, because 
the calculation would depend upon too large a number 
of unknown elements. We shall confine ourselves 
to giving that which has been found sufficient in 
practice. 

75. In largo factory chimneys, the internal dimi- 
nution, a lineal metre, is alxmt 0 m *012 to 0 m *018; 
and the external diminution varies from 0*025 to 
0*035. The thickness of the masonry at the top is 
from 0*11 to 0*22, the breadth or length of an ordinary 
brick. Thus, if we denote the interior diameter at the 
top of a chimney by d, its exterior diameter by </', and 
the interior and exterior diameters at the bottom of 
the chimney bv D and D', we shall have <f = </+ 0*22, 
or d' = d + 0*44, D = d s 2 H m, D' = d’ + 2 II m\ m 
being included between 0*012 and 0*018, and m be- 
tween 0*025 and 0*035. 

Suppose, for example, a chimney of 20 metres in 
height and 0*t50 in interior diameter at the top: the 
interior diameter D at the bottom will be, taking 
m = 0*014, l™ *16; the exterior diameter <? at the 
top will be 0*00 + 0*22 - 0*82; and the exterior 
diameter D' at the bottom, taking m = 0*03, will be 
2 *" * 02 . 

The chimney of the tobacco manufactory at Paris, 
which is constructed to bum 700 kilogrammes of coal 
ail hour, which corresponds to more than 150 horse- 
power, is 29 metres in height; internally it is 1 * * 03 
in diameter at the top, 2"’ *15 at the base; and ex- 
ternally, at the top, l w *30, and at tho base 3" *45. 

The diminution is. in this case, both externally ami 
internally, too great. 

76. If it were required to construct conical surfaces 
internally and externally, tho execution of the work 
would be rather difficult, and we should be obliged to 
cut a large number of the bricks, which would entail 
considerable expense ; besides, bricks do not resist so 
well when they are broken as when they are whole, 
because their external crust has much greater tenacity than their inner |>ortiona. 

Conical or prismatic chimneys may lx; constructed by a series of cylinders or prisms, which 
would occasion sudden retreats, both on the inside and on the outside ; but the arrangement shown 
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in Fig. 1916 is* generally preferred. The chimney is conical or pyramidal on the outside, and the 
thickness of the masonry varies by sudden leaps on the inside; the retreats occur every 11 centi- 
metres. the breadth of a brick. 

77. Brick chimneys are usually from 20 to 30 metres in height ; sometimes, but rarely, 40 metres. 
M. Grouvelle mentions a chimney at Manchester that is 125 metres in height, 7*50 in exterior 
diameter at the base, and 2*70 at the top; 4,000.000 bricks wore employed in its construction. 

78. Brick chimneys are usually placed upon pris- # 

ms. malic socles, pierced on opposite sidea with two a per- 

tures; one is designed to receive the channel w hich bJ la 

conducts the smoke to the chimney ; the other, which ^ | * 

■’ ? is usually closed up by a thin brick wall, serves to 

admit the workman when the chimney needs sweep- 1 1 

— ing or repairs. To facilitate this labour, the chimney 

is furnished with horizontal ban placed 0 m *50 apart, 
forming a kind of ladder. 

79. It is of the highest importance that a chimney 

should stand upon n firm foundation, for the sinking 
often takes place unequally ; and, when this is the 
case, the chimney either falls, or stands very inse- 
curely. This is a point to which builders do not |M»y j J 

sufficient attention. 

80. In chimneys intended to receive air at a very pi m 

high temperature, ns those of reverberatory furnaces, 

fire-bricks must l>e employed, and the interstices 
between them filled with brick clay. In chimneys [ 

which are intended to receive vapours at a tempera- 
ture rarely exceeding 300°, as in the case of steam- 
boilers, ordinary bricks may be used, bound together 
by mortar containing siliceous sand ; it would bo well, 
however, to employ fire-bricks for the casing of the * 

inner portion at the bottom of the chimney. Plaster 
should never be used when the temperature of the 
heated air exceeds 100°, because at this touqx niture 
it begins to lose the hygrometrio water which it con- 
tains, and, consequently, its tenacity. 

81. Tall chimneys, when standing alone, may bo I i 1 jj 

built without exterior scaffolding, if their diameter 

is considerable ; the wnrkmnn in this case raises 1 j 

himself upon supports fixed on the inside of the 
chimney. A good workman accustomed to this kind j< 

of work, assisted by a boy, may, in this way, in 
about a fortnight, raise a pyramidal chimney of 13 or * 3 

14 metres in height, 2 metres and 1 metre in exte- 
rior and interior diameter at the base, and 0*80 and 
0*60 in exterior and interior diameter at tho top. J 

82. Chimneys usually terminate in a ]s>rtion fl 

having a greater diameter, and resembling tho S 
chapter of a column ; this portion of the chimney is s| I 

designed only as ornament. Tho chapter is often of 

bricks like tho rest of the chimney ; sometimes it is § i 

of cut stone. 

a \ 83. Brick chapters, if they were not protected, la 

■- would allow the rain to penetrate the masonry : to 

i | | prevent this they are covered with plate iron, which || | 

-rS* . 1 . L extends over the outside and inside by 0*10 to ffl 

0*15 metro. nH 

.L. 84. Fig. 1917 represents a section of the arrange- 

_[ JPWtfT ment adopted for large iron chimneys. The chimney pj l 

I I itself is bolted to an iron socle 

1 ..I J i— 1 — I or base, fixed upon a mass of * r Y , 

masonry by ^ four ^ stout 1 volts ^ , ' 

• . ‘ ^ = z to the ground or to some neigh- ''T * l } 

bouring buildings. To prevent 
the rusting of the metal, the 

chimney is covered w ith coal-tar, which will bear a high temperature without alteration. 

85. Tall factory chimneys attract the lightning, both by their great height nnd by the great 
conducting power of the soot which covers their inner surface; it is, therefore, necessary to protect 
them by means of a conductor. Figs. 1918 and 1919 show the usual arrangements in such cases. 
In the first, four rods, riveted to the iron plate at the top of the chimney, support the conductor; 
one of the rods is produced horizontally and fixed at its extremity to the conducting-wire. Tho 
second represents a lightning conductor upon an iron chimney. The conductor is supported by 
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throe rods riveted to the edgo of the chimney, which nerves instead of a conducting-wire, and the 
cliain which establishes communication with the ground is fixed to its lower portion. 

1917. 1919. 1921. 




80. When single chimneys are very high, 
and oro designed to receive air at a high tem- 
perature, it is necessary to strengthen them. 

We see an instance of this strengthening in 
the square section chimneys of paddling fur- 
naces. When chimneys are conical, iron hoops 
are built into the masonry. 

In the rectangular chimneys of steam- 
boilers, flat iron bars having a kind of hook at 
each end of sufficient dimensions to take in two 
or three rows of bricks arc built into the ma- 
sonry in alternate directions, as shown in Fig. 

1920. * 

87. Figs. 1921 to 1023 represent a large fac- 
tory chimney of a circular section, built accord- _ 

ing to the plans of MM. Thomas and Lanrens. This chimney is 10 metres in height ; the diameter 
If Sifl D “f® ® ‘35 and at the top 2 m *02; therefore the diminution of section is on the inside 
0 016 a metre; the exterior diameter at the base is 5 65. and at the top 2*52; consequently 
the external diminution is 0 - 030 a metre. The chimney is formed of five cylinders having each 
a height of about 8. metres, and conical both on tho inside and on the outside. The thick- 
ness of the masonry is 3 bricks for the first portion, and is successively reduced to 24 bricks, 2 
bricks, 1$ and 1, for the other portions. Thirty-eight iron hoops hh\ i T, are built into the 
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masonry. The first portion of the chimney has an inner rosing of fire-bricks. The top is covered 
with an iron plate a ft, coimmeod of four pieces bolted together. 

The engineers above alluded to, often place in their chimneys at the points cc\ dd\ t «',//, ijg\ 
the base of each of the cylinders, bands of coloured bricks ; and the spaces between those bands 
are filled with bricks of several colours, worked into various patterns for ornamental purposes. 

88. lfajiatera . — In every heating apparatus, whatever its dimensions and purjKise may be, it is 
requisite to plnee, either at the top or at the bottom of the chimney, nn imn plate, by means of 
which the drnught may be diminished, and the chimney closed entirely during the suspension 
of work in the furnace. Registers are of great service in np|mmtu*-es which are only occasionally 
in operation, because, the current of air being intercepted, the furnace cools very slowly. 

89. They may be arronged in a great variety of ways. In apimrntuses of *nmll dimensions, 
having iron chimnevs, the opening in the chimney is regulated by a disc. Fig. 1924, turning about 
nn axis traversing the opposite sides of the pipe, and worked from the outside. 

90. This arrangement might with eoual advantage bo adopted for larger chimneys; but ns the 
friction of the axis in its bearings would not alone be sufficient to keen the disc in its position, we 
should have to affix to it, on too outside of the chimney, a rod or handle perpendicular to its 
direction, by which it might be fixed as shown in Fig. 1925. The disc should he of cast iron, as 
wrought iron is more liable to rust, and should have considerable thickness to prevent warping. 
When the air-channel is horizontal, the arrangement shown in Fig. 1920 may bo adopted. The 
register, in this rose, is a cast-iron plate ft, turning about an axis ujtun a pivot c, and which is 
moved in an iron frame by means of a crank o. 



91. Horizontal, sliding trap-doors are sometimes employed; hut in large chimneys it is more 
usual to employ those which move vertically, and which are held by a counterpoise. Fig. 1927 
is a section of this arrangement through tho length of the air-channel, li is a cast-iron plate 
eliding in grooves, also of cast iron, fixed in the masonry. It is held by a chain which passes over 
a pulley P, and is attached to a weight M. 

92. This hud arrangement is the one generally adopted; it lias, however, one great objection, 
namely, a considerable spneo between the edges of the plate and tbe grooves of the iron frame in 
which it moves ; this allows a rush of cold air into the chimney, whereby the drought is considerably 
diminished in the furnace. This rush of cold air may be prevented when the register is lowered 
by constructing it with projecting anas at the top, made to fall into a groove filled with sand. 

93. When the temperature of the heated air exceeds 500'' or 000'', the contrivances which we 
have been considering cannot be employed, because the iron would be quickly warped or rusted. 
The best method of regulating the draught of a chimney in such cases, is to place the register 
at the top of the chimney, where the disc, or plate, being always exposed on one side to the air, 
becomes heated in a very much smaller degree. This arrangement .is shown in Fig. 1928; c is a 
cast-iron disc affixed to’ a vertical rod, connected by a joint to the end of the lever a ft turning 
•bout the point d; a chain </ is attached to the extremity a, by mentis of which tho distance of 
tho disc from tho top of the chimney is regulated. This arrangement has the disadvantage of 
requiring a workman to ascend to the top of the chimney when the apparatus is got out of order. 
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Roc Anemometer. Barometer. Boiler. Fuel. Pyrometer. Thermometer. Ventilation. 
CRI8EI*. Fb„ CiscaUj Burin; Geb., Meisscl ; Ital., Scarpello; Span., Escoplo. 

So© Hand-Tools. 

CHOCOLATE MACHINE. Fr., Moulin it chocolat ; Geb., ChocoladenmShie ; Ital., Macchina 
j da cioccolata ; Span., Molina de chocolate. 

See Mills. 

CHRONOGRAPH. Fr., Chronograph ; Ger., Kronoyraph ; Ital., Cronografo . 

See Gunpowder. 

CHUCK. Fr., Mandrin; Ger., Fatter, Pat rone ; Ital., Coppaia. 

A chuck is contrived to fit the mandrel of a turning-lathe, and to hold the material to be tamed. 

* Sec Lathes. 

CHURN. Fr., Bara Ue ; Ger., Butterfasx ; Ital., Zangola ; Span., Mantequera . 

L. Bacon's chum. Figs. 1929, 1930, has two reciprocating dashers F, II, with fingers hh y ii f 
these dashers being worked by a double-throw crank D. Thu dasher-rods cc have two guides 66, 
one through the cover of the chum and the other through the upper end ; and connecting-rods <t, o, 
attach the dusher-rods to the crank. The machine is cucloaed in tho case A, C, B. 

1929. 



1930. 


In J. Harrison Doolittle's chum. Figs. 1931, 1932, the dasher B b C is turned by a driving journal 
Drf, The dasher is removable, and when replaced in tho churn rests in the grooved recess «, where 
it is secured by a tapering dove-tail key E. 

A movable horizontal brake L /, Fig. 1932, resting in a cavity M and on a lodge N, thoroughly 
agitates the cream, tho brake being fasteued with the pin O. 

CIDER MILL. Fit., Moulin u pommes; Ger., Apfelpresee ; Ital., Torchio da sidrv ; Span., 
Molino y prana para haeer sidra. 

See Mills. 

CIRCULAR SAW. Fr., Scie circulaire ; Ger., Krciuage ; Ital., Sega circolare; Span., Sierra 
circular. 

See Saws. 

CIRCUMFERENTER. Fb^ Graphometre ; Ger., Graphomcter ; Ital., Grafometro a bueeola; 
Sl'AN., Grafometro. 

Sec Surveyino. 

CLACK-VALVE. Fr., Soupape a chamiere ; Geb., Vcntilklappe ; Ital., Valcola a ganghcro; 
Span., Vdlcula de cucro. 

See Pumps. 

CLAMP. Fr., Emboiture ; Ger., Himlciste ; Ital., Tuirtuppo ; Span., Cepo, 

See Mechanical Movements. 

CLEAT. Fu., Tatjuet ; Ger., Klampe ; Ital., Jtinforzo. 

A cleat is a narrow strip of wood or of metal, fixed to something for the purpose of affording 
strength or of securing a piece of work in its proper (mention. 

CLIP-DRUM. Fu., Tambour it tenuities ; Geb., Schercntrommel. 

See Brake, pp. 586 and 619. Mechanical Movements. 

CLOTH-WORKING MACHINERY. Fb., Machine a faire lee drape; Ger., Tuchmaschine ; 
Ital., Marxhina da panni ; SPAN., Maquinaria part i fabricar panos. 

See Calender. Fulling and Finishing Cloth, Machinery for. 
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CLUTCH. Fit., Clef df arret ; Oer., A us nick h'uppelutuj ; Ital., Connettione a dcnti. 

A clutch is n protecting tooth or piece of machinery for connecting abaft* with each other or with 
wheels so a* to ho disengaged at pleasure. See Gearing. 

COAL-CUTTING MACHINE. Fit., Machine it taillrr del hem Him ; Oer., Koldenbreck Maachine ; 
Ital., March inn da apex tare litantrace; Stax., Muyuinn para cortar carbon dc piedra. 

The object*, says John Fernie, of Leeds, to be gained by the application of machinery to coal 
cutting are, firstly, the chca|>cning of the work ; secondly, the saving of a Inrge quantity of coal, 
which, in the ordinary proresB of holing or undergoing by hand labour with the pick, is broken up 
into slack and dust : thirdly, the removal of the danger attendant upon undergoing by hand labour ; 
fourthly, tho getting of a larger quantity of cool out of the pit with the same length of working 
faces opened; ami fifthly, in the case of mnehines worked by compressed air, the collateral advan- 
tage of better ventilntion and a cooler atmosphere in the mine, owing to the discharge of the com- 
pressed air after each stroke of the tool. The difficulties attending the application of machinery 
to work previously performed by hand are greatly increased in the case of coal-cutting machines, 
by their hnving to work at great depths below ground, and in the very confined passages of a 
mine. 

Fernie, in tho ‘Institute of M. E.,’ described two coal-cutting machines driven by compressed 
«ir. one hnving a pick worked bv a bell-crank lover, with an action like that of the ordinary jack 
list'd in hand work, and the other working a straight-action tool somewhat in the manner of a 
horizontal traversing slotting machine. Both these machines had been successfully employed in 
regular work for n length of time at collieries in the neigh bourhood of Leeds. 

The coal-cutting machine of W. and S. Frith, shown in Figs. 1933 to 1935, is constructed for 
working a pick by means of a bell-crank lever, so as to give an action similar to that of the ordinary 
pick employed in hand work. 

Tho pick A is fixed in a socket in one of the arms of the boll-crank lever B, the other ami of which 
is worked direct by the piston-md of the horizontal cylinder C. The slide-valve I), Fig. 193(1, for 
the admission and discharge of tho compressed air by which the maehinc is driven, is an ordinary 
slide, worked by a tappet-roller E upon the piston-rod; the machine is thus self-acting ns regards 
the strokes of tiio pick, which is started to work ns soon as tho compressed air is turned on by tho 
Btop-coek F in the supply-pipe G. The machine is mounted upon four winds running upon the 
ordinary mils of the colliery, and is advanced the requisite distance between each blow of tne pick 
by n hand-wheel II connected by gearing with the hind pair of carrying-wheels. The two pairs of 
wheels are coupled together, in older hi render the full ndludou available for the forward motion 
of the machine ; and by this means it is found thnt sufficient adhesion is obtained without tho 
necessity of laying down a special rack-mil for the feed motion. 

As the return of the pick after each blow is made by means of the self-acting tappet-motion 
working the slido-vnlve, it is necessary that the tool should go to the full extent of its stroke 
at each blow, before it can be withdrawn again. The amount of feed between each blow has there- 
fore to lie regulated by the attendant, according to the hardness of the seam of coal in w hich the 
machine is cutting, so that the pick shall complete an entire cut at each blow. In the event, how- 
ever. of the pick being advanced too far at any blow, so as to put too much work upon it and stop 
it before tho stroko is completed, it is only necessary to draw the machine back again by means of 
the hand-wheel H, until the pick is released from the cut : the unfinished stroke is then completed, 
and the pick goes on working again the same ns before the stoppage, In order to allow oflwriBg 
the height at which the pick performs the holing in the coal, the socket K carrying the pick is 
made to slido vertically upon the shaft of the bell-crank lever B, the height of the socket U*ing 
adjusted by the forked arm J controlled by the screwed rod nnd handle L. 

One of these pick machines worked the whole of the undercutting in the West Yorkshire Coal 
and Iron Co.'s Colliery at Tinglev, near Leeds, holing a wain of coal 3 ft. 8 in. thick ; aud the com- 
pressed air for driving it was supplied by an a ir-com pressing engine at tho surface, with steam- 
cylinder of 20 in. diameter and 3 ft. stroke, working an air-cylinder of 18 in. diameter and the samo 
stroke, and compressing the air to about 50 lbs. the square in. pressure. The depth of the pit is 
170 yds., nnd the air is conveyed down the shaft and nlong the mine in 2£-in. cast-iron pipes, with 
n IJ-in. wrought-iron pipe laid up the bords to the working faces, nnd then a IJ-in. flexible tube to 
the coul-cutting machine. Small air-vessels are plnoed at intervals of 500 yds. nlong the air-main, 
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for tho purpose of maintaining the pressure of the air at the machine when working at a consi- 
derable distance in tho mine: the mnehiuo is worked at a distance of ns much as a mile from the 
shaft. 

In n trial of this machine, it was found that a pick of 75 lb*, weight, cutting a groove to n depth 
of 24 in. in from the face, gave about 74 blows a minute. At the colliery tho coal urns got by tho 
long-wall system of working, as shown in Fig. 1937, in which the machine is indicated at M work- 
ing along the straight face of 50 yds. nt one of the bnnks. Tho time occupied by the machine in 


1937 . 

JL S - ■ 



undercutting a length of 5G ft. was twenty-five minutes, including all stoppages for clearing tho 
rubbish out of the hole and for backing the machine when the pick occasionally made an incomplete 
stroke. The machine was then run back to tho starting-point, and set to work again with n longer 
pick of 90 lbs. weight, completing the previous cut to the final depth of 3 ft. 9 in. from the face. With 
this pick the blows were about sixty a minute, and the half-length of 28 ft. was undercut in seventeen 
minutes including all stoppages. The time occupied in running the machine liack and changing 
the pick was sixteen minutes. Tho machino in this ease was working at a distance of about a 
mile from the bottom of the shaft. 

From this trial it appears that in undercutting to the depth of 24 in. in n single course, the 
work done by the machine was at the rate of about 30 square yds. an hour; and iu undercutting 
in two courses to tho total depth of 3 ft. 9 in., the work was done nt the mean rate of ntmut 
15 square yds. an hour, including the time required for running the machine back and changing 
the pick. 

The width or height of the groove cut out by the pick is 2 in. at the inner extremity, widening 
out slightly towards the face of the coal. It is necessary to stop the machine at intervals, iu order 
to clear out the rubbish left in the hole; and the mils in front of the machine have also to be 
cleared of the material thrown out by each return stroke of the pick. Two men are required to 
attend to tlic machine, ono working the hand-wheel for the advance of tho machine, aud the other 
clearing away the stuff. 

A good criterion of the actual mte of working that may he wifely reckoned ujxm with this 
machine in regular practice is nffordtd by its performance ujsm an occasion when it was kept con- 
tinuously at work for twenty-four hours consecutively, on 21st and 22nd of May, 18G8. During this 
time the machine was employed upon five different banks of coal successively, requiring accord- 
ingly to be shifted four times for the pur|iosc. The average depth of holing was 3 ft. fi iu., and tho 
total length of work completed to Hint depth during the twenty-four hours amounted to 257 yda. 
This gives the practical rate of holing by the machine nt rather more than 12 square yds. an hour, 
including all stoppages for clearing the pick in working and for shifting the machine on the com- 
pletion of each sej urate length of bonk. 
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The other coal-cutting machine, before alluded to, shown in Figs. 1037 to 1939, is the inven- 
tion of G. E. Donisthorpc, and may be described as a horizontal traversing (dotting machine, the 

1938. 



work remaining stationary, while the machine traverses along the working face of the coal and 
cuts out a horizontal slot or groove along the bottom of the scam of coal or along a parting in tho 
thickness of the seam itself. 
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The cutter-bar A carrying tho cutting tool# is fixed upon the upper aide of the working cylin- 
der C, which moves horizontally forwards and backwards at each stroke, the piston and piston-rod 
remaining stationary. This arrangement has tho advantage of economizing fqxice, and giving 
greater stiffness and a better attachment of tho cuttor-bar; and the whole is guided steadily 
between tho guides It It by means of four sots of steel rollers I) D attached to the cylinder and 
steadying it both vertically and lab-rally, ns shown in the sectional plan of tho cylinder. Fig. 
11)40. Tho piston-rod E is made hollow, as shown in Figs. 1040 and 1942, haviug two passage* 

1941. 



communicating with tho opposite sides of tho piston : and the alternate admission and exhaustion 
of the compressed air is regulated by a cylindrical slide-valve F, Figs. 1937 and 1943, worked by 
the hand-lever C4. The jiorts in the piston are circular, and at each end of tho cylinder n pro- 
jecting plug J is fixed on the inside of the cover, opposite to the port, as shown In Figs. 1940, 
1941 ; tnis plug entering the port «t the end of the stroke prevents tho complete escape of tho 
whole of tHe air in exhausting ; and the nir thus retained in the cylinder forms nn air-cushion at 
the end of the stroke, whereby the piston is prevented from striking tho cylinder-cover at either 
end. A subsidiary port I, Fig. 1841, alongside the main port, and provided with a valve opening 
outwards, affords a passage for the admission of the compressed air at tho commencement of tho 
next stroke, until the main port is unstopped by the w ithdmwnl of the plug J. 

The working cylinder C is C in. diameter with 12 in. stroke; and tho frame B in which it is 
carried is itself slung upon horizontal trunnions II, Fig. 1938, in another frame K sliding verti- 
cally upon the pillars h L, which arc fixed on the base-plate M of the machine; and by means of 
a screw N and worm-wheel, Fig. 1937, the working cylinder can thus be raised or lowered bodily 
to any height nt which the cutter is required to work. The trunnions and the curved slot II, 
Fig. 1938, also allow of the cutter being adjusted by means of the hand-wheel and screw X to work 
nt an iuclination to the horizontal, between the limits shown by the two dotted positions in 
Fig. 1938. 

The cutter-bnr A, Figs. 1938, 1939, is of cost steel, hnving six sockets for carrying the cutting 
tools. The tools are made of flat lmr steel, with cine-quarter twist in the shank, by which naans 
the cuttings are thrown away from the face of the cut at each stroke of tho bar A. The cutters 
are placed alsuit 7 in. ajjart longitudinally along the length of the bar A, the average depth of the 
cut being about 3 ft. 4 in. in from tho face of tho coal ; and tho length of stroke being 12 iu., the 
tool does no work during the first 5 inches of the stroke, but acquires a rapid motion whereby it 
strikes upon tbo coal with the |Rjens«ivo action of a blow, instead of cutting by a uniform steady 
pressure like nn ordinary slotting tool. Previous to the adoption of this principle of working, tho 
present pressure of air of GO to 70 lbs. n square inch was found insufficient to work the machine; 
but with the |>ercnssivc action now- obtained this pressure is found completely effective, and tho 
diameter of tho working cylinder being G in., the blow is given with a total force of 1700 lbs. or 
j ton upon the tool. The cutters are stcpjied 2J in. successively in advance of one another, as 
shown in the plan, Fig. 1939 ; and the bar is fixed ujion tho working cylinder by a centre pin O 
and set-screws PP, allowing it to be set obliquely in plan at an inclination to the line of tho 
stroke, ns shown by tin* dotted lines in Fig. 1939. liy this arrangement the inclination of the 
cutters to the work can be slightly increased, or diminished, according ns may be reauired by the 
quality of the coal, so as to obtain under all circumstances the most effective action of the cutters. 
The w idth nf their cutting edges ranges from 1? in. in the cutter nt the outer extremity of the bar 
to 3 in. in the cutter nearest the working cylinder: and the slot cut out by the machine is there- 
fore of tho slightly tapered form shown in Fig, 1938. 

The machine is mounted on four double-flanged wheels. Fig. 1939, running on rails laid for tho 
purpose. The rail on one side is a plain wrought- iron bur Q placed on edgo; and the other rail R 
Is made of two bars placed 2 in. apart, with a series of cross-pins at 1£ in. pitch, forming nn ojkjii 
rack-rail, into which gears a pinion 8 worked by n )mnd-wht*-.l T, w hereby the machine is advanced 
for each cut, tho ordinary amount of feed being 1 j in. a cut. As the advance is given by hand by 
the man working tho machine, any number of strokes cun be given by the tool before the moehiiiG 
is moved forwards, in case the coul is t«*o hard for the cutters to accomplish the full depth of cut 
at a single blow. The traversing pinion 8 gearing into the rack-rail is mounted in a slide on tho 
base-plate M of the machine, whereby it can be raised out of gear with the rack when the machine 
has to be drawn away from one pnri of the mine to another. 

The pressure of the air working the machine is also employed for steadying it nguiust the 
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Mows of the tool, so an to ensure the full effect of the blow being expended upon the eon! at each 
stroke ; otherwise the tool would be liable to be bent or broken, and the work would be irregular. 
This is accomplished by menus of two vertical cylinders U U, each 84 in. diameter, the piston-rods 
of which stand up towards the roof of the mine, and are connected together at the top by a hori- 
zontal frame V carrying a grooved wheel at each end. A loose iron rail on a wood mitten W is 
placed above the grooved wheels; and tho compressed air being admitted on the under-side of the 
pistons in the cylinders U, the rail is pressed up against the roof of the mine, as shown in Figs. 
1937, 1938. The total pressure exerted by the pair of cylinders U U amounts to 6800 lbs., or up- 
wards of 3 tons, which is found amply sufficient to resist the blow of the tool. When the machine 
in its forward traverse has arrived at the end of tho roof-rail W, the pressure is shut oil' from tho 
cylinders U, and the air is let out from them through cocks opened by hand, tlius lowering the 
frame V as shown by the dotted lines in Fig. 1937 ; the roof-rail is then shifted forwards to tho 
extent of its length, and the pressure Wing readmitted to the cylinders U, the machine is again 
ready for continuing its forward traverse? as before. Tho pressure exerted against tho roof being 
elastic allows the hip rail to accommodate itself to any irregularities in the level of the roof. 

In working this coal-cutting machine at the West Killing Colliery of Pope anil Pearson, at 
Normanton, it was observed that the tiiuuWt of strokes made by the tool was from 75 to 80 a 
minute, the pressure of air at the machine being from 65 to 70 llm. a square inch at the time. 
Tho average depth of the cut during the time of oWrvation was about 2 ft. 9 in., as there was a 
clearance space of more than 1 ft. left between the side of the machine and the face of the coal, 
the rails not having been laid close enough to the face of the coal. Tho width of the cut was 
about 2 in. nt the inner end, widening to about 3 in. at the face of the cool ; and as the cut was in 
this case being mode in a jmrting of dirt of nliout the same thickness, no waste of ooal was pro- 
duced by cutting the groove. One man is required to work the machine, working the air-valve F 
by the lmnd-lever G, Fig. 1937. and also giving tho feed of the tool by tho hand-wheel T advancing 
the machine ; and from tliree to five strokes were given by the tool between each advance of tho 
machine, for completing the cut to the full depth of the groove; about three turns were then given 
to the traversing hand-wheel, advancing the machine about If iu., after which the same number of 
strokes were again given with the tool. The cuttings are cleared out of the groove by a man 
following the nmehinc with a narrow curved rake; and tho height of the cutting tool in tho 
machine is regulated occasionally, according to the slight variations in the level of the parting in 
which the groove is made, so as to keep the tool always working in the purtiug. 

The width of the groove cut by this machine is shown iu Fig. 1938, the width at the face of 
the coal being not more thnn about 3£ iu. in holing to the full depth to which the machine can 
work. Iu undergoing by hand to the same depth, the size of the cut is as showu in Fig. 1938, 
having a width of at least 13 in. nt the face of the cool, making the whole size of the cut about 
three times that of the narrow groove excavated by tho machine, which is shown by the dotted 
line in Fig. 1938. Supposing the machine to be holing in the solid coal, tho waste produced by 
the undergoing in a scam of 5 ft. thickness, such a* is being worked at the West Riding Colliery, 
would amount to only about 4 per cent., as compared with about 12 per cent, waste with hand 
work. An estimnte of the absolute quantity of wast«? made by hand work in good seams of coal 
amounts to ns much as 12 per cent., tin? whole of which is rendered nearly worthless; and taking 
the whole quantity of coal raised per annum in this country at 100,000,000 tons, the* waste pro- 
duced in unUt?rgning by hand labour amounts consequently to as much ns 14,000,000 tons a year. 

The compressed air for working the machine is supplied by an air-com pressing pump of 18 in. 
diameter and 2 ft. 10 in. stroke, worked by an engine that is employed for winding couls up an 
incline nt the bottom of the pit. The compressed air is delivered by the ptimp into a largo air- 
vessel, 3 ft. diameter and 30 ft. long, from which it is convoyed along the mine by a wmught-iron 
pipe 2} iu. diameter and \ iu. thick, put together with ordinary screwed sockets, and terminating 
in a jM>rtioii of lj-in. pipe and a long length of flexible tubing of the same size, which is coiled on 
* the floor and drnwn out by tho machine as it advances along the face of the coal. Great difficulty 
was originally experienced in maintaining the pressure of the air at the machine when working at 
considerable distances from the compressing pump ; but this has been completely obviated by the 
introduction of a second smaller air-vessel at the working face where the machine is in operation. 
This smaller air-vessel is 2 ft. diameter and 6 ft. long, and is mounted on wheels for the conve- 
nience of being quickly removed to any part of tho mine. The air-compressing pump is capable 
of supplying air enough for working three of the coal-cutting machines. 

Ily the adoption of compressed air us the medium for transmitting the power to work these 
eoal-outting machines, the important collateral advantage is obtained of improved ventilation nt 
the working faces. The discharge of the exhaust air from tho machines delivers a supply of fresh 
air, free from noxious gas, during tho wbolo time that the machine is working; and the coldness 
of the discharged air, consequent upon its expansion at the moment of liberation, 1ms a highly 
beneficial effect in reducing the temperature at the working faces. During the trinl made by 
Fornio nt tho Tingley Colliery, a shot was fired at a short distance from the machine, for breaking 
down a mass of coal ; anil although the smoko at first completely obscured the working face and 
tho machine, the whole of it was cleared away in so short a time as two minutes, having been 
carried off by the current of exhaust air discharged from tho machine. In tho ease of any danger 
arising from accumulation of gas in the goaf or elsewhere, the means of safety is nt hand, as it is 
only necessary to detach tho india-rubber supply-pipe from the machine, and discharge a con- 
tinuous jet of fresh air in the required direction, whereby the gas is speedily dispersed, and the 
dangerous place rendered safe. Also, as the undercutting of the coni is done so much quicker by 
the machines than by band labour, the employment of the machines requires a smaller extent of 
working faces to be kept open for getting the same quantity of coal in the same time ; the air has 
therefore a shorter distance to travel ami becomes lew loaded with gas, and is consequently safer 
and more wholesome for the colliers. 
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In reference! to tho "renter quantity of coal that is got by the use of the machine from a given 
length of working face in ft given time, the quantity got by one man in a day, including under- 
cutting, breaking down, and filling the coal, is 3 ton’s when undercutting by hand labour, assum- 
ing ft yield of 1 tou a cubic yard; and taking n working face of 48 yds. length, the four men 
working on that length of face would therefore get Ob tons in eight days. The machine, however, 
will undercut 9(5 yds. in one day, and this quantity would then bo broken down and filled in by 
four men in two days, making only three days for getting the 96 tons with the machine, in com- 
parison with tho eight days required for hand laltnur. Hence, with the machine, as much coal 
can he got from 18 yds. length of face as from 48 yds. by hand in the same time. 

In regard to tho danger to which the collier is exposed in holing by hand labour, from the risk 
of the coal falling down and crushing him while lying with his body inserted partly within the 
groove which he is excavating, it is evident that this danger is entirely removed by the employ- 
ment of a machine for performing the holing, as the men are altogether clear of tho working face, 
and tho tool alone enters the groove in process of excavation. 

Hydraulic Con l-cuttinij Machine, employed at Kippax Colliery , near Leeds. — This machine, 
Figs. 1944 to 1948, is intended to take the place of manual labour in nicking, or hrvimj, or, as it 
is called in Yorkshire, baring tho coal. Tho seam of coal worked at Kipp&x Colliery is the well- 
known Haigh Moor seam. 

Its depth from the surface is 120 yds., and its section is as follows : — 

Ft In. 


Coal 3 8 

Band of hard shale, with pyrites 0 2 

Coal 18 

Total thickness 5 6 


The roof is soft shale, containing thin beds of coal. In the Kippax and surrounding districts 
this coal is worked in its entire thickness, tho band of shale having thinned out to 2 in., ns above 
mentioned; but at Horburv, three miles west of Wakefield, the Haigh Moor is worked in two 
distinct IrkIs, tho upper and lower divisions licing at that place 12 or 13 yds. apart. 

T. W. Embleton, speaking in 1865, observed that “the band at Kippax was the only part of 
the seam that was removed by this self-acting cool-cutting machine. The direction of the work- 
ings was towards the rise of the coal, or north end, as it is locally called.” 

While the machine proctxxls with the haring, completing the work at once going over it, square 
pieces of wood and wedges ore inserted loosely into the baring, at intervals of 4 or 5 ft., to keep 
tho coal in position till the colliers come to remove it. This slight support, however, does not 
prevent the coal so hared from detaching itself from tho unbared part of tho bed. The line of 
fracture was, in the ease referred to, a few inches beyond the extremity or bock of the baring, and 
in one even straight line. 

The quantity (if coal obtained for every yard of face was 2 tons, and the yield of small coal 
produced by breaking up the detached coal and the bottom coal w as about 8 per cent. 

The lower division of the coal was blasted with gunpowder in the usual way. 

Water was the medium employed to actuate this coal-cutting machine, and water being for all 
practical purposes incompressible, its full power, diminished only by the friction of its passage 
through the pipes, can, therefore, be transmitted and applied at any distance from its source. 

This self-acting machine consists of a hydraulic reciprocating engine, having a cylinder of 
4$ in. diameter and 18 in. stroke, working horizontally, or at any angle to suit the inclination of 
the cool, or at any required height abovo tho floor. Tho piston-rod is a hollow trunk or ram, 
into which is fitted a cutter-bar cosily removed, carrying thrive or more cutting tools. The cutting 
tools can be adjust'd so as to enter the coal at any angle with the line of the face. The position 
of the cutting tools will Ik? most readily understood ‘by reference to Fig. 1944. Although tho 
length of the stroke of each of the cutting tools is 18 in., the practical cutting length of the stroke 
into the coal is nl>out 16 in., and, consequently, the three cutters faintly give a total depth of 4 ft. 
at each stroke. The cutting cylinder 1ms a valve-motion, which is self-acting ; and the length of 
stroke of the tools can be varied, or any number of strokes can be given at any part of the entire 
length of the stroke. The cutting action of the tools being a steady push or thrust without any 
percussion, it is necessary that the machine should bo firmly held upon the rails during tho 
cutting stroke, and be released so os to traverse forward at the end of the return or lwick stroke, 
and this rigid fixing of the machine upon the rails is effected by means of a vertical self-acting 
holder-on, which is a prolongation of the piston-rod of another cylinder, mounted upon and 
becoming part of tin* machine itself. Fig. 1948. 

The piston of this cylinder is actuated by means of the same self-acting valve-motion as that 
of the cutting cylinder, and tho holder-on is retained in its dead-fast jswition by means of a small 
keep-valve, which retains the water during the cutting stroke. At the return or bock stroke the 
valve-motion opens the keep-valve and releases the water, thus enabling the holder-on F to 
descend and to slacken its pressure agninst the roof, aud thus the machine is free to traverse upon 
the rails the requisite distance for the next cut. This traversing or progressive motion is also 
self-acting. For this puriiose a chain is made fast ahead, close upon the floor, and passes over a 
grooved pulley on the machine, which gets the necessary bite upon the clmin. This pulley makes 
jsirt of a revolution, to suit any length of traverse, at the moment when the cutter-bar is complet- 
ing its hack-stroke. 

The amount of feed or distance of cut is easily adjusted, and the self-acting traversing power 
is sufficient to move the machine upon skids, where they are found to be more convenient than 
wheels. 

Unless the cutting tools complete a full stroke, the traverse-motion does not come into opera- 
tion, but the tool will continue to cut in the same place until the full stroke is completed, and theu 
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only will the traverse-motion eomo into notion ; thus the lmck of the baring in always parallel 
with the rnil UpOQ which the machine travels, thereby causing the coal to break oil’ in one 
uniform line. 

The cutting tools, Fig. ll>4fl. nre of n form easy of construction, nnd an? very strong, nnd 
capable of penetrating liard material with little risk of breaking. The cutting edge is nearly a 
$ in. thick, and any or nil of the cutters can be romovid and replaced in a few moments. 

The machine ran be adapted to any gauge in use for the roods of the mine, and is easily 
moved from place to place on its four wheels. The supplementary wheels at each end are used 
only when in ojiemtion, in order to secure a greater base. 

The water pressure by which the machine is actuatixl is produced, in this instance, by an 
engine placed at the bottom of the shaft. 

The cylinder of this engine is 14 in. diameter ; stroke, 2 ft. 3 in. Attached to the engine arc 
two double-action num|>s of 4 J in. diameter, and 12 in. stroke. These are capable of maintaining 
a pressure of 3tJ0 Ids. n square inch. 



When the mnehine is not working, the engine regulates its own speed accordingly, and is 
further used for forcing water out of the mine to the surface. When convenient, the water pres- 
sure may be obtained from any pumping engine on the mine, by connecting the supply-pit** with 
the ordinary pumps, thus obviating any special outlay of capital for the moving power. Tho 
machine when working makes 25 strokes per minute, mid uses 40 gallons of water. 

The wntor is conveyed from the engine to the mnehine chiefly by 2-in. wmught-iron pipes, the 
remainder being l|-in. bore. The total length of these* pipes is about <100 yds. 

To allow the mnehine to traverse on the rails, it is connected to the 1 j-in. pipes by nmnns of 
an india-rubber tube of the same diameter. This tube will bear n pressure of 50011m. to tho 
square inch. The wrought-iron pipes are the ordinary hutt-wcldcd steam-tubes, tested to a pn in- 
sure of 500 IIm. to the square inch. They are used in preference to cast-iron pipes, because they 
occupy little space, nre easily screwed together and Iwnt, nnd will accommodate themselves readily 
to the varying floor of the mine, with no risk of breakage or leakage. 

The exhausted or waste water is conveyed away from the machine by 2$-in. imlia-rublicr hose, 
nnd by 2-iu. ordinary gas-tuls s, to the place whence it was forced, nnd thus n very small quantity 
of wnter is required to work the machine, namely, ns much ns is necessary t«» All the circuit of 
the pipes. Tho water may be used over and over again as in the ordinary hydraulic press. 
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Tho pressure at the engine is BO 11 m. in excess of that at the machine when working at 
20 strokes per minute. Whenever the cutting tools meet with any extra resistance, the retarded 
speed allows this pressure to equalize itself, and thus overcome any olwtacle. 

The amount of pressure used for working the machine varies from 150 11 m. to .'WO llw. an incli, 
according to the hardness of the material to Ik* cut. 

Fig. 1044 is a ground plan when in working position, angle and height adjustable. F holder- 
on or feeder, l tmverso chain. I), self-acting valve-motion. X Z H, self-acting traverse movement. 
N, guide-bar and roller. A A A. total depth cut at each stroke ; stroke of each cutting tool 
1 ft. 0 in. ; t"tal stroke 4 ft. 11, stem of cutters. 

Fig. 1040, details of cutters. 

DC, Fig. 1045, section tlirough valve-chest. 

1> K, Fig. 1048, sectional end view taken through W W, Fig. 1044. Y, elevating screw. 

Fig. 1017, end view in working condition, cutting at an angle. 

COAL MIXING. Fn., Exploitation </«• houillerc ; Gkr., Ilenjhau ; Ital., Arte del curst tore di 
litantnue ; Scan., Extraction de oirh-m de pit'dm. 

Parkin Jeffoock, in a |>aper published in tho 1 Proceedings of the Inst, of M. R.’ 1K<»2, ably 
examined this subject, ami applied his reasoning to the general features of the South Yorkshire 
district with reference to the circumstances affecting mining engineering. 

Tho accompanying general plan, Fig. 1010. given by Jelfcock, represents that |iortion of tho 
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Yorkshire coal-field which is more particularly called the South Yorkshire district; extending 
from Sheffield on the south to Wakefield ou the north about 25 miles, and from west to east about 
20 miles altogether, on either side 
of Barnsley. The plan show- the 
general extent of the coal-field, 
indicated by the shaded portion ; 
the outcrojw of two of the prin- 
cipal seams of coal, tho Silk -tone 
and the Parkgate seams ; tho posi- 
tion* of the principal fault.- ; tho 
localities of tho moro important 
collieries and iron-works; and tho 
lines of railway and water con- 
veyance. 

Tho horizontal section. Fig. 

1950, which is reduced from 
Thorpe’s published section, is taken 
through Barnsley along tho dotted 
line W E upon the plan. Fig. 1949, 
extending fmm the millstone grit 
on the lx>rdcrs of Derbyshire on 
tho west to tho eastern boundary 
of the coal-field at E. 

Tho vertical section, Fig. 1951, 
represents tho position and thick- 
ness of the principal beds of coal 
and mines of ironstone, as they 
were proved by boring* at Watk 
Wood, near Lundhill Collier}', on 
the plan, Fig. 1949. Five lied* 
of coal, between tho Woodmoor 
seam and the Kent’s Thin worn, 
do not occur at this plan- ; a 
second vertical section. Fig. 1952, 
is therefore placed alongside, 
showing theso beds in their oor- 
responding position as they wore 
proved in winking at the Oaks 
Colliery, near Barnsley, Fig. 

The Sonth Yorkshire coal-field 
is a continuation northwards of 
tho Derbyshire coal-field. On tho 
east it is bounded by tho over- 
lying and unronforniable magne- 
sian limestone and Permian strata, 
and the extent of tho coal-mea- 
sure* in this direction is yet un- 
proved. On tho west tho millstone 
grit rocks crop out, forming tho 
bleak moors or North Derbyshire; 
and tho coal-measures extend 
northwards and constitnte tho 
North Yorkshire coal-field. Tho 
general dip of the coal strata is 
from west to east at an 
average angle of 1 in 9; 
this, however, is much 
modified in many locali- 
ties by main faults, tho 
principal of which aro 
shown on tho plan, Fig. 

1949, by the strong black 
lines. The total num- 
ber of cool seams is very 
groat, as shown in the 
vertical section, Fig. 1951, 
and many of them have 
been worked in various 
localities. 

Tho following aro tho 
principal seams of o«ial 
in their geological order, 
with their average thick- 
ness :- 
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1. Wath Wood or Muck sewn 4 ft. C in. thick. 

2. Coal, no name 3 8 „ 

3. Woodmoor scam 3 0 „ 

4. Winter seam 5 4 „ 

5. l T pper Bcnmshaw scam 4 8 „ 

(5. Lower Beumshaw wain 2 2 „ 

7. Kent’* Thin seam 2 7 „ 

8. Kent's Thick nr High Hazel scam .. .. .... 5 0 „ 

9. Barnsley Thick seam 8 ft. G in. to 9 0 „ 

10. Swallow Wood seam 5 0 „ 

11. Howard or Flockton seam 5 0 „ 

12. Fenton's Thin wain 2 3 „ 

13. Parkgnte or Chapeltown scorn .. .. GO „ 

14. Thornoliffe Thin seam 2 G „ 

15. Four-foot scam, variable 4 0 „ 

1G. Silk-stone or Sheffield seam 5 0 „ 

17. Charlton Drook or Mortomly team 3 0 „ 

Tho most important seam of the series is the Barnsley Thick coal, which, under the name of 
the Main, or Top Hard coni, has been very extensively worked in Derbyshire. In the South 
Yorkshire district its average thickness is nlmut 8 ft. G in., but the thickuess varies exceedingly 

at different places. 
It is most fully de- 
veloped in the neigh- 
bour nond of liamaley, 
but extends through 
the greater lwirt of the 
district, anil has been 
principally worked 
at Woolley, Gawber, 
The Oaks, Edmund's 
Main, Wombwell 
Main, Darley Main, 
Klsecar, Warren Vale, 
Kawmnrsh, Hoy land, 

Tiitoco*i. Lumlhill, Mount Os- 

^ borne, Thryburgh, 

Dnrflehl, and Car House. The bard coal from this seam 
is in great repub* for steam purposes, and stood high 
at the trials made at Woolwich in 1851 relative to the 
value of steam cools. North of Woolley tho Barnsley 
scam is subdivided into two or three others, which are 
worked in the neighbourhood of Xormanton under dif- 
ferent tinmen. In Derbyshire it appears to the best ad- 
vantage at the large works of Mr. Barrow, at Staveley, 
where it is known ns tho btnveley Hard coal, which 
has been extensively used for steam purposes and in 
the manufacture of iron. 

The Swallow Wood seam occurs about GO yds. 
below the Barnsley Thick cool, its thickness varying 
from 3 ft. 4 in. to G ft. It has been worked only to a 
very limited extent, princi]xilly at Swallow Wood, and 
is known in Derbyshire us the Dunsil nr Oldgrcaves 
coal, lying there about 30 yds. below the Top Hard 
seam. 

The Pnrkgnte or Thornoliffe Thick seam occurs at 
an average depth of 219 yds. below the Swallow Wood, 
and has been chiefly worked at Parkgate, Thornoliffe, 
and Pilley. Its average thickness is 5 ft. G in., but 
tho thickuess varies considerably, from 4 ft. 10 in. to 
about G ft. It is known as tho Bottom Soft coal in 
Derbyshire, where it has been very extensively worked. 

The Thornoliffe Thin scam, railed the Bottom Hard 
in Derbyshire, is found 24 yds. below the preceding ; 
its thickness is from 2 ft. 6 in. to 3 ft., and it has been 
prinripallv worked at Tbomcliffe, Pilley, &c. 

The Silkstone or Sheffield seam lies about 61 yds. 
below the Thornoliffe Thin, and has an average thick- 
ness of about 5 ft. It is a very well defined seam, and may bo taken os a sort of datum line in 
identifying the position of the other bods. It has been principally worked in the neighbourhood 
of Sheffield, and at Cbaneltown, Thornoliffe, Pilley, Mortomly, and Silkstone, and is identical with 
the Black Shale or Clod coal of Derbyshire. The ooal is of great value for house fire purposes, 
competing with the celebrated Hetton Wallsend. 

By far the most important aud valuable of the seams of cool are the Barnsley Thick and Silk- 
stone seams. At tho Woolwich trials, made by tho Admiralty in 1851, relative to the strength 
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and valnc for steam purposes of the Barnsley Thick coal from Parley Main, West Hartley coal 
from Newcastle, and Welsh coal from Merthyr Tydvil, the total weight of water evaporated in each 
rose was 24,9G0 lb*, and the evaporation a lb. of ooal was 8*10 lbs. by the Barnsley Thick and 
West Hartley coals, and 8*25 lbs. by the Merthyr coal. Trials were also made of the Barnsley 
Thick coal in 1858 at Doncaster, on the Great Northern Railway, when the evaporation obtained 
was 7*84 lbs. of water a lb. of coal, the total weight of water evaporated befog 448,281 lbs., and 
the coal used being a mixture of steam coal and house fire coal, consumed under Cornish boilers, 
working at a pressure of 45 lbs. The Barnsley Thick ooal lights easily, burns freely, and raises 
sham rapidly. It produces only a very small quantity of white ashes and cinders, giving little 
trouble to the stokers, aud the less it is disturb'd the better; it does not clog or adhere to the 
bars, and makes no slag, maintaining a good clear fire with little sulphur. It is a most econo* 
mical coal for marine engines, and in using it a light thin fire is ]>articularly recommended. 

The mines of ironstone occur between the Barnsley Thick coal and the Silkstone coal, as 
shown in the vertical section. Fig. 1951. 

The first mine of importance is the Swallow Wood, about GO yds. below the Barnsley Thick 
coal, which has been princi|ially worked at Milton for the supply of the furnaces there. It consists 
of throe measures of ironstone ; and an analysis of a sample of tbe ore by Spiller, of the Geological 
Museum, gave 26*79 as the percentage of metallic iron. 

The Lidgate mine, next below the Swallow Wood, has been extensively worked nt Milton, 
Tankersley, and Thorodiffe. 

The Tankersley mine is usually found about 50 yds. below the Lidgate, and is called also the 
Mussellmnd ironstone, from the number of fossil shells it contains. It has been worked chiefly at 
Tankersley, and yields about 1500 tons of ironstone an acre. 

Tho Thomcliffe Black mine lies about 70 yds. below the Tankersley ; it is worked principally 
nt Parkgntc, and used in the furnaces at Milton And Elsecar; and an analysis by Spillcr gavo 
34* 1G per cent, of metallic iron. 

Tho Thomcliffo White mine lies immediately below the Parkgate wain of coal, and consists of 
three measures, containing about 32 per cent, of metallic iron, and yielding about 1500 tons of ore 
to the acre. It has been worked principally at Parkgntc and Thorncliffe, and was formerly worked 
extensively at the Holmes. 

The lowest mine is the Clay Wood or Black mine, consisting of throe measures, containing 
about 32 per cent, of iron and yielding about 1000 tons of ore the acre. It has been got to n great 
extent at Thomcliffe, and iH identical with tho Black Shale or Stripe Itake of Derbyshire, which is 
so much prized by the ironmasters of that county. 

The principal iron-works of the South Yorkshire district are at Parkgate, Holmes, Milton, 
Elsecar, and Thorncliffe, in blast ; and at Chnpcltown and Worsborough, nut of blast. 

The modes of working the coal in the Houth Yorkshire district may bo considered as modifica- 
tions of tho long-wall Bystem, so extensively and successfully practised in the Midland counties. 
The pillar-and-stnll mode of working adopted in the North of England has not been much used in 
South Yorkshire; and the long-wall system being principally confined to the Midland counties, 
the South Yorkshire system of working may be regarded as a combination of tho two. Where tho 
circumstances are favourable, the long-wall system is being extended in tho Yorkshire coal-field ; 
and wherever it can be adopted, it is to be recommended, on account of tho simplicity of arrange- 
ment both for working and ventilation, and also as beiug the most economical method of getting 
the coal. 

The principal modes of working the coal adopted in Yorkshire are the Narrow Work, Long 
Work, Bords and I»ng Work, Wide Work, anil Bank Work. These are shown in the ideal dia- 
grams, Figs. 1949 to 19G8. They can be represented only by ideal plans, because none of them 
are carried out in their integrity nt any collieries in the South Yorkshire district ; and in some 
instances one mode is adopted in one part of the workings, and another elsewhere in the same 
colliery. These different systems of working, some of which, however, arc falling into disuse, have 
been rendered necessary by the variable nnture of the roofs and floors of the coni seams in tho 
South Yorkshire district. The same reference letters are used throughout all the diagrams. 

Fig. 1953 is a plan of the mode of working by Narrow Work, on the end of the coal. P is tho 
downcast pit. and B the main bord (rend cut transversely to the grain of the coni, against the face 
of the coni), from which pairs of headings or endings E E (reads cut against the end of the coni, 
lengthways of tho grain) are driven at intervals of about 90 yds. When these endings have been 
carried to the requisite distance on either side of the main bord B, a communication is made 
l»etwecn their extremities, and the coal is worked by short faces homewards, ns shown at W W. 
The whole of the coal being thus got out, the roof iH allowed to come down in the goaf as the 
working progresses, being temporarily kept up immediately behind the working faces by props or 
puncheons, which are afterwards withdrawn successively and shifted forwards. I' is the upcast 
shaft, and F the ventilating furnace. The main current of fresh air from tho dow ncast pit P is 
carried up tho main l*>rd B and along the farthest pairs of endings E, ns shown by the arrows, 
and is then passed through the face of the workings W. The course of the air is determined by 
stoppings 8 built to block up the various rrossgutes between the bords and endings ; and by doors 
D, through which the coal is brought down to the shaft from the workings W, and from tho 
endings K that are in proeewof being driven. At C is an air-creasing, where the current of foul air 
proceeding from the workings to the upcast shaft U crosses over the current of fresh air entering 
the mine from the downcast pit P. At R R arc regulators to control the qunntity of air passing 
through each portion of the mine ; when those are closed, the whole of the fresh air has to paas 
through the workings before reaching the iq toast shaft; but when they ait; opened, a portion of tho 
air finds a shorter course through the regulators direct to tho upcast shaft, and a smaller quantity 
of air therefore passes throngh the workings. This mode of working is falling into disuse in 
Yorkshire, and is seldom adopted except under special circumstances, where the coal is of a soft 
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or frinblo nature and where the mof in not strong, tho cnnl being therefore pot in very short 
lengths, as shown at W W, with only a very narrow face in process of working at a time, wbeuco 
the name of this inode of working. 


1953. 



There arc two modes of Long Work, the first of which is shown in Fig. 1954. This and all 
tho subsequent modes of working are on the face of the coal, tho workings W being carried 
forwards transversely to the grain of the coal, against the face of tho coal, instead of against tho 
cud of the coal as in the previous narrow work. In Fig. 1951 it will be seeu that there is a long 


1954. 



face of work in progress at once in each portion of the mine : the workings arc started from tho 
main headings or endings E, and tho coal from the working faces is brought down through tho 
goaf by means of [tucked roads O, shown by the strong black lines, the walls of which are built 
up of rock and shale; the packed roads arc carried forwards continuously as the working faces 
advance. The fresh air from the downcast shaft passes along the endings K ami the [tacked 
roads G up to the working faces W, and thence by the Itortls B to the upcast shaft U, as shown 
by the arrows, the regulators R R controlling the ventilation in each portion of the workings. 
At H 11 arc doors or stoppings with apertures to allow of pnssing some of tho air through tho 
packed nsuls G in the goaf, according as inny be required to keep them clear of gns. 

In tho second mode of l ong Work, shown in Fig. 1955, the workings are subdivided into 
separate lengths of face by the pillars L being left between them at first, about 30 yds. thick ; 
but when the workings have been carried forwards as far as intended, the intervening pillars aro 
then also worked, beginning from the farther end and working backwards, as sccu at A, whereby 
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the current of air is always kept up against tho pillar face A until the whole pillar is removed. 
The packed roods G are required for bringing out tho coal through tho goof in this plan of 

1955. 


working, tho samo as in tho first inode of long work ; the strong dotted lines through the goof in 
the neighbourhood of the pillar working A show pocked roads that ore no longer required to bo 
maintained, and have been abandoned. The courso of tho air is shown by the arrows. 

The nude of working by Bords and l»ng Work is shown in Fig. 1956. Hero pairs of bonis B B 
ore driven from the main hooding or ending E, at intervals of about 20 yards ; and when they have 
reached the extreme distance intended, the whole of the intervening cool is worked homewards, 
downhill, and is brought out from tho working face W through the bords B. In bords and long 
work, therefore, the bords form a marked feature in the Bvstcm, being driven to the extreme extent 
in tho first instance, ns shown in tho right-hand half of tho plan, Fig. 1956, before the working of 


1956 . 



the whole cool is commenced ; and when this has been begun, ns all own in the left-hand half of tho 
plan, no packed roads are required in the goaf for bringing out the eool from the working face, but 
the coal is brought down through the herds themselves, which are thus not obliterated till all tho 
coal is won, but remain of service to the last. In tho previous modes of long work, on the contrary, 
shown in Figs. 1954. 1955, the progress of the work is in the opposite direction, uphill, and the face 
of work is opened without driving bords ; and accordingly packed roads are required to be maintained 
through the goof for bringing down the cool from the working face. The course of the air is shown 
by the arrows in Fig. 1956, and the air regulator is placed at R ; but in bords and long work 
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there is no need of any arrangement for courting part of the air through the goaf, as it required in 
long work. 

In the Wide Work method, shown in Fig. 1957, the coni is got in hanks W about 60 yds. long, 
each subdivided into l>ords 7 or 8 yds. wide, separated by pillars of an average thickness of 1 yd., 
as shown by the thick Mack lines in the goaf. Cmoagates K are made hi the main mods B at 
suitable intervals, according to the state of the atmosphere in the mine and the ventilation. For 


1957. 



ventilating the workings the current of air is passed up the farthest bord B, across the face of the 
work in the first bank W, and out at tho other end of the bank ; it is then carried forwards up the 
intervening pillar bord B to the next hauk, ami across the working face in the same manner, aa 
shown by the arrows. This method of working is now being abandoned where possible for the 
long-wall system. 

In the Bank Work, shown in Fig. 1958, the coal is got in banks W about 60 yds. long, as in the 
last mode, but each bank is worked all in one length without any intermediate pillars being left in 
each bank. The method of ventilation is the same as in wide work, aa shown by the arrows. Tho 
mode of working by single bords B, as in both bank work aud wide work, instead of by pairs of 


1958. 



bords, is, however, to be condemned on account of the difficulty and expense of maintaining packed 
roods through the goaf for the winning of tho pillars B B at tho last ; or if they have not been 
maintained, of making new parked roads for ventilation : and again, these pillars being liable to 
a heavy pressure, tho coal in the pillar working is rendered of little value. 

The plan of the Long Wall system of working, Fig. 1959, shows the difference of this system 
from any of the ordinary Yorkshire methods of working described above. This is not an ideal plan, 
but a plan of the actual long-wall workings of the Parkgate seam at the Wharncliffe Silkstnne 
Colliery near Barnsley, Fig. 1949. There is here no loss in getting out pillars, as all the coal is 
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excavated nt one operation. The ventilation of the mine in at the same time considerably simplified, 
the current of air Laving altogether a shorter and less tortuous course to follow from the downcast 
shafts P to the upcast l\ as shown by the arrows. The thick dotted line M M shows the position 
of a fault in one portiou of the mine, and the workings arc therefore laid out at that part conform- 


1959. 



ably with the course of the fault. By the long-wall system a working face of 430 yds. is hero 
obtained in a single length without interruption, as shown at W; and in the lower portion of the 
workings nlong the fault M M another face has been opened of the same total length, but divided 
into two shorter faces by a pillar bord, for safety and convenience of working in the neighbourhood 
of the fault, the intervening pillar being removed before that portion of the mine is abandoned. 

Various supports for the roof are used in the Yorkshire seams : wooden props or puncheons aro 
adopted in some cases; in others, piles of wooden blocks called chocks or dogs; and in others, packs 
of rock and shale. Cast-iron puncheons also are now being extensively introduced, one of which 
is shown iu Figs. 1965, 1JMJG. 



1968 . >». 



Two of the greatest difficulties that have to be contended with in mining are Water and Gas. 
With regard to Water, the mines in the South Yorkshire district are not in general heavily watered 
in comparison with other mining districts; the workings nearer the outcrops or bassets of the seams 
arc generally more watered than the rest. Except in some special instances there are few collieries 
where large pumping engines are required : lift pumps are used exclusively, and even tubbing has 
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aoarcely over boon resorted to. A remarkable inundation occurred in 18f>l nt the Woolley Colliery 
at Barton, near Barnsley, Fig. 1SH9. which is working the Barnsley Thick coal : the coal is drawn 
up a long inclined plane extending from the outcrop of the Barnsley Thick scain and following the 
dip of the seam ; and the water is raised by means of Hat pumps. On the 13th April, 1801, a sudden 
irruption of water into the workings took place, to such an extent that they were almost entirely 
filled. The water entered through a fissure in the overlying rock, which is of considerable thickness 
and is full of cracks and fissures towards its outcrop. It is probable that a largo amount of head 
or drainage water had accumulated in these fissures while they remained closed, and that they 
afterwards Itccnme opened by subsidence of the strata in oonaaquence of the working of the coal : 
the water was found to be drawn away from a well in the mck at the surface, 170 yds. above the 
coal. The accumulation of water must have been very great, as it continued rising in the day drift 
a fortnight after the inundation had occurred, at the rote of more than 1 ft. an hour, although a 
double 10-in. pump bail been kept continuously nt work; but its rise was subsequently stopped 
by additional pumping power. 

In the amount of Gas generated by the different seams of coal there are great variations. The 
most terrible explosions have taken place in the Barnsley Thick coal, especially at the Darlcy Main 
Colliery, the Oaks, Warren Vale, and Lundhill ; the Barnsley Thick and Siikstone seams being 
specially liable to sudden and powerful emissions of gns. The ventilation is produced by a furnace, 
shown in Figs. 1900 to 1909, situated at F in the diagrams. Figs. 1954 to 1958, at the bottom of the 
upcast shaft IJ, by which a fresh current of air is kept continuously flowing through the mine, so 
that any gas issuing from the coal is speedily diluted and rendered harmless. For distributing the 
air through the workings, the stoppings S, doors 1), and regulators R are arranged in proper places. 
The division of the air into separate splits, each of which ventilates a distinct portion of the workings 
by means of the crossings or overcasts C, and the “ scale doors” or regulators R, may be considered, 
if properly carried out, one of the best preventives of explosions in those very fiery South Yorkshire 
mines. All the return air should l>e conducted into the upcast shaft by a dumb drift N, Figs. I960 
to 1963, so as not to pass through the fire of the furnace ; and the underground furnaces, whether 
closed or otherwise, should l»e fed with nothing but fresh air direct from the downcast shaft. 

At some of the mines in the district, belonging to Fitzwilliam, large fans driven by steam power 
have been substituted for the furnace generally used elsewhere; they are a simple and efficient 
means of mechanical ventilation, well worth the consideration of all interested in mining, and have 
now been continuously working with complete success for several years. In the early periods of 
rniuing the only ventilation was the natural ventilation, the current of air through the workings 
being produced simply by the colder and denser air from the downcast shaft displacing the hotter 
and rarer atmosphere of the mine. Sometimes rarefaction was increased by putting a pan of coals 
in the upcast shaft ; but the congruence of such imperfect ventilation was that the workings were 
sometimes stopped for many days together. Natural ventilation could, of course, be udopted only 
when the sliafts were of moderate depth and the workings on a limited scale. 

In the 8onth Yorkshire district, safety-lamps were first used exclusively at the Oaks Colliery, 
in the workiugB of the Barnsley Thick coal, where Stephenson lamps are used in preference to 
Davy's; and the use of safety-lamps has since extended to many other collieries. At the Whnra- 
clifle Siikstone Colliery, near Barnsley, working the Siikstone scam, Stephenson and Davy lamps 
are used exclusively ; and as the coal-field is very much cut up with faults, the gas cannot be bled 
away, but as each fault is cut through the greatest caution is required in dealing with the gas in 
the solid coal beyond, in byr. In audition to the use of safety-lamps, an abundance of air should 
be taken into the working places of fiery mines. Since the explosion at Lundhill in 1857, safety- 
lamps have been exclusively adopted there. The importance of their use in fiery workings was 
strongly shown at the Oaks Colliery in 1887, when an outburst of gas took place in the workings 
down the engine plane, so violent that it was compered to the roar of a draught in the furnace. All 
the Stephenson lamps were put out, and the Davy lamps were ignited internally, the gauze be- 
coming ml hot. As the outburst of gas occurred within a hundred yards of the main intake to the 
npcast shaft, and a large quantity of air was passing this part at the time, the gas was soon diluted 
and carried away ; and in less than an hour tne only tract* that remained were found at one or two 
places where the floor hod been upheaved. Thus no doubt a terrible explosion had been averted 
oy the use of safety-lamps ; but if nnvono of the lamps had been out of order, or the gauze smeared 
with oil or coal dust, or if any naked light had been in this part of the workings, an explosion 
would inevitably have occurred. 

COAL- WASHING MACHINE. Fr., Machine a Utter let houillet; Geb., KoMenrcatchmatchine ; 


Itai... Maccht'na da Uttar litantrace ; SPAN., Maqxtina para limpiar carbon de piedra. 

We give. Figs. 1969 to 1973, a set of cool-washing apparatus and coke offers at one of the esta- 
blishments of the Wigan Cool and Iron Company. The washing machinery, which is contained in 
a building 48 ft. long by 24 ft. wido, consists of four iron chambers, each of which is in free com- 
munication with a cylinder placed at one end of it, as shown in the plan. Figs. 1970 to 1972. These 
cylinders are each 3 ft. in diameter, and the pistons working in them have a stroke of 3$ in., and 
are driven at 150 strokes a minute, so as to keep the water within the chambers in a Btatc of con- 
stant agitation. 

The coal to be washed is discharged from the railway wagons into a large hopper outside the 
building, and it is lifted from this hopper. Figs. 1969, 1970, by the elevator shown in the section. 
Fig. 1970, this elevator delivering it to the crushing rollers, by which it is reduced to a uniform 
size. After passing the crushing rollers, it is taken up by a second set of elevators, and delivered 
to the washing chambers, or bashes, down a trough laid at an easy gradient, this trough having 
four compartments, down which the coal is washed by a small stream of water. The coal, during 
the process of washing, is placed on perforated copper screens or sieves slightly submerged in the 
water contained in the bashes, and the pulsation of the water, occasioned by the action of the 
pistons, causes the good coal, which is the lightest, to be washed over into the shoots with which 
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the chambers are provided. The pyrites, on the other hand, being heavier, fall down and lie on 
the perforated sieves ; and at regular intervals the sluices are opened, and the pyrites allowed 
to fall into the chamber below. At the bottom of each chamber there is another sluice, which is 
opened occasionally to allow the refuse to bo discharged into wagons placed to receive it. The 
good coal from the shoots of the basins is also delivered directly into wagons. 

The washing machinery, elevations, and so on, are driven by a beam engine, with 14-in. cylinder 
and 2 ft. 6 in. stroke, arranged as shown in Figs. 1969, 1970. The loss by washing is about 10 per 




1970. 


rent., by weight, of the gross quantity of coal passed through the machine. Several machines of 
the kind we have described art* in use at tho Wigan Coal and Iron Company’s works; and they 
turn out from 300 to 350 tons of small coal a day. 

Tho general arrangement of tho coal-washing machinery and coke ovens will be understood 
from the general plan and section. Figs. 1071 to 1973. From this it may lie observed that the 
ovens, which art* each 11 ft. in diameter and 8 ft. 0 in. high, are arranged in two parallel double 
rows, a chimney being provided for every eight ovens. The charging is performed by the aid of a 
tramway laid over the tops of tho ovens. Fig. 1973, the cool dust being Drought from the washing 
apimratus in 25-cwt. hopper wagons along this trnmwny, and dropped through holes left in tho 
crown of tho ovens for this purpose. The charge of each oven is 8 tonB, and this charge is 
allowed to bum five days or 120 hours. This, when burnt, is cooled by the aid of a water-pipe 
inserted in the oven, and is afterwards drawn out by rakes. 

One of the most successful of recent conl-washing machines is that constructed by M. Evrard for 
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the mines of La Chazotte, in France, Figs. 1974 to 1976. Figs. 1974 and 1976 are vertical sections 
through the machine in two directions at right angles to each other, and Fig. 1975 is a plan of the 
whole. The special object in view in this construction is the washing of very large quantities of 
coal of comparatively unequal size, and the separation of these different sizes by the aid of the 
washing process. This large washing machine is thereby enubled to combine the advantages of 
machine labour with the superior quality of work performed by hand-washing. The coals are 



thrown into a hopper A, Fig. 1974, with a revolving base uj>on a larger revolving screen, where 
the largest pieces are freed from stones by hand, two workmen being placed upon the screen B, and 
carried round by the latter in its revolution. There are two screens with narrow openings below 
this first, and they deliver the smaller coal by means of two elevators C, to the top of the washing 
machine. Each kind of coal is brought up separately, and thrown upon a circular table D, which 
revolves slowly round a large fixed cylinder E, containing the floating piston F. The two elevators 
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bring tho coal up to tho circular table, anil it in levelled there by two scrapers fixed in different 
height# (rn n in plan. Fig. 1975), so that a stratum of small coal is spread over a layer of larger 
coal below. The central part of the machine is filled with water, and the floating piston F is 
moved up and down in the water by means of a lever L, Fig. 1975, worked by a cam. The lever 



is counterbalanced by a float (», immersed in water, and it# movement causes an alternating up and 
down current of water through the screens in the revolving table L), by which the different mate* 
rials mixed together in the unwashed coal slack separate themselves in parallel horizontal layers, 
according to their difference of specific gravity, and also according to their size of grain. There is, 
however, one thing of great importance required for a successful operation, namely, the agitation 
of the water must commence with great power, and must successively diminish in force ns tho 
washing proceeds, since the first action effects the settlement of the very largest pieces of stone at tho 
bottom, and of the large- 
sized coal in a stratum 197S. 

immediately above that. 

This being done, it re- 
quires a more gentle agi- 
tation, so ns to leave 
the lowest layers undis- 
turbed, while operating 
through these upon the 
*upori>o8cd strata of 
small-grained materials, 
so ns to give the small 

| >ieces of stone and other 
icavy matters an oppor- 
tunity to pass through the 
coarse-grained coal down 
to the lowest stratum of 
stones. With n uniform 
action of the machine, M. 

Evrard obtains this im- 
portant result, by inclin- 
ing the table against the 
water lever, as shown in 
Fig. 197t>. He thereby 
obtains a greater inuner 
sion of the table, and, con- 
sequently, a more power- 
ful rush of water through 
its sieves at the one part 
of each revolution, and 
a less powerful action at 
the opposite side where 
the ooal is portly raised 
above the water-level. 

Tho body of this machine is constructed in masonry, in the shape of an inverted cone, with n 
diameter of 33 ft. 6 in., tuid a height of 32 ft. 10 in. Its bottom opens into adrain-pi|*o for removing 
tho mud collected there. Tho floating piston is 17 ft. 4} in. in diameter. The tablo L> is 32 ft. 
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10 in. in diameter, and 6 ft. 6} in. wide. It is perforated with holes of ^ in. in diameter. The 
inclination of this table amount* to one foot for the whole length of the diameter of the table : the 
depth of layer of coal is ti in., ami the water-level 8 in. over the lowest poiut of the revolving table. 
The coal is removed from the table after having passed through one entire revolution by means of four 
scrapers placed at different heights, so as to remove each another of the sujierpnKed strata of coal 
ranged according to the size, the smallest coal being raked off from the top, while the lower layers 
give eoaraor-sizea coal in proportion to the depth. The lowest stratum is formed by the stones and 
other heavy impurities of the coal, and this is removed whenever it has reached a certain height. 
The washing process, as carried on with this machine at Chazotto, reduces the contents of ashes of 
the coal slack from 15 to 17 per cent, on the unwashed slack down to 8 or 9 per cent. The prn- 
duction of one of these machines is 138 bushels for each revolution, and, taking the speed at the 
average adopted at (Jhazotte, namely, one revolution in five minutes, with 100 strokes of the piston 


during that time, the total production is 1650 bushels an hour. The total power required for the 
complete machine, with its revolving screen and elevator, is 10 horse-power. 

A very simple mode of washing the impurities out of small coal lias been at work at South 
Tyne Colliery, llaltwhistle. The machinery employed consists of an arrangement of boxes or 

thn nn.M» .K.'.l, A I AO A O L'i.. IUTJ 4l.„ 4.._ t Li : J i..l 


troughs, into the upper aeries of which, A 1, A 2, A 3, Fig. 1977, the water for washing is conducted 

by a pipe P. At the end of A 3 is a 

small screen, formed of $-iu. round iron 

rods, placed about } of an inch apart; 

immeuiately below this screen another 

series of troughs, B 1, B 2, B3, is siuii- E, 

lari y arranged, terminating with a perfo- | ^ 

rated zinc plate placed in a sloping pusi- t > 

tion like the screen in the upper series. 

The upper troughs are 2 ft. 4 in. wide 

and 13 in. deep; the lower ones are 2 ft. ,-^Jl 

5 in. wide and 6 in. deep. I / Tl . J Pal 

At c, </, and c, Fig. 1977, grooves are 

placed, into which slips of wood are in- * * 

aerted, one above another, at different j A2 

stages of the washing; these partially 

cheek the current of water, and assist in | 

collecting the stones, pyrites, and so on. ■■■■_ t 

W, Fig. 1978, is the wagon-way, by — « a , ^ M / 

which the ooal is brought to the washer. ; ■ 

It will be observed that the pipe P / 
is bent so that the water (tours against / 
the end of the trough; this has been / sz 

found to act better than when the water / 
is poured in the contrary direction. The / 

mode of working is apparent; an opera- BMW — ~~ ^ 

tor shovels the coal into the trough, and 63 / l * 

another with a rake spreads it ana keeps 
it under the action of the current. The | 

water that (losses through the scree u Li 

carries much of the smaller coal with it; mg. 

to obviate this the lower series of troughs were erected, along which the water 

is conducted, and finally passed over the perforated zinc (date. The velocity of " ■ 

the current is regulated, when required, by raising or lowering the troughs, their 

arrangement being such that this is easily effected. With this apparatus two 

operators can wash three wagons of coal an hour. 

See Artesian Well. Boring and Blasting. Cage. Fuel. Haulage. w 

Iron. Lamps, Safety. Ventilation. 

Boris relating to Coat: — C. Combes, ‘ Trnitc de 1’ Exploitation des Mines,’ 

3 vola, 8vo, 4to Atlas, Paris, 1844-45. Dunn, ‘The Winning ami Working of 

Collieries,’ 8vo, 1848. J. Hedloy, * The Working and Ventilation of Coal Mines,’ - — 

royal 8vo, 1851. Gatzschmaun, * Vollstandige Auleitung zur Borgbuukun.it,’ 1856. 

Dcvillez, * Dc l’Exploitation de la llouille,’ 1859. A. Burnt, *Dcs Houilleres 

en France et en Belgique,’ 2 vols., 8vo, plates folio, 1861. W. W. Smyth, ‘Coal ; 

and Cool Mining,* crown 8v<>, 1867. Loitner, * Leitfadeu zur Berghoukunde,’ 

1869. G. U. Greenwell, ‘Treatise on Mine Engineering,’ 4to, 1870. See also 

papers by various authors in tho * Transactions of the North of England Inst, of Mining Engineers,’ 

‘Inst, of Mechanical Engineers,’ and the ‘ South Wales tyst. of Mining Engineers.’ 

COAST DEFENCE. Fu., Fortification Maritime ; Geu., Kustcnbcfcstigung ; Ital., Difesa dclle 
ante ; Span., Defensa dc la costa . 


Coast Defences . — The defences of coasts ami harbours, especially those of an island like England, 
where if attacked the assault must be delivered more or less immediately from the sea, forms an 
important branch of the general technical art of fortification ; with this considerable difference, 
however, that while the works of nn inland fortress or strong place are generally constructed with a 
strict regard to certain rules laid down for the different systems of celebrated engineers, tho 
acknowledged heads of their profession, the defences of a coast must in a great degree depend on 
local circumstances, and, if secure from an attack on the lsnd side, do not require to be furnished 
with the appliances for a protracted siege. The struggle with nn enemy afloat and ummppnrtcd 
with land forces would then be short, sharp, and decisive, tho victory remaining to the u&rdcst 
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hitter, the biggest gun, or, jx‘rliaps*, to the craftiest-lnid torpedo. In like manner, the proper 
placing and construction of coast defences emancipates, as it were, the officer of engineers from 
the more mechanical operations of permanent fortification, and, if he possesses genius, enables 
him to tako advantage of every natural feature, both above and below tho water-level, either for 
defence or offence, anti make the most of them. 

Their History. — Although in tho very dawn of Jewish, Greek, and Roman history we read of 
the walls and other fortifications of towns, we do not find any mention made of impediments 
to prevent invaders landing on their coasts, except occasionally a free fight on tho beach, such 
as the Greeks appear to have experienced when they reached tho shores of Troy. When Julius 
t'lesar lnndcd on the Kentish strand, he had, it is true, to break through a bulwark of half-naked 
blue-stained Britons, which his heavy-armed legionaries soon proved too strong for. William of 
Normandy met with considerable op|xisition when he disembarked as an invader ; but he eventually 
conquered. In most cases we find tho invaders securing themselves a safe haven or tete-de-pont 
for return in case the fortune of war should declare against them. Thus the Greeks fortified their 
ships ou the shores of Troy, and the Romans created tho germs of the future fortifications and 
defences of Dover and Portsmouth, and perhaps tho Thame*. But in the first few centuries after 
the Conquest tho constant ware between England and Fmnce exposed both nations to tho visits of 
hostile fleets, and subjected tho unfortunate inhabitant* of our sea-board to much misery, especially 
on the south and east coasts. We can yet see in the Isle of Wight tho existing outline of a town 
(Newtown) burned by tho French fleet in the time of tho sccoud Edward, and which remains, with 
its houseless streets and market-places, a desolation to the present day. Even localities so remote 
a* tho Welsh coasts worn not safe, as we ruad that in 1405 tho French landed at Milford Haven 
and plundered Carmarthen and other towns, safely regaining their ships; while as late as 1758 wo 
retaliated by sacking tho now impregnable Cherbourg, and levying a tribute on its Monts du 
Piete and other public institutions. 

As the invention of artillery, however, grew in importance, tho attention of our ralera seemed 
turned to tho necessity, on certain {mints of our coasts at least, of securing the cities and towns 
situated near them from l>eing burnt or plundered with iinpuuity ; and the sequestrations of tho 
rich monasteries in Hampshire and the Isle of Wight furnished tho eighth Henry with funds 
sufficient to erect tiie castles of Houthsca, Hurst, Sundown, Yarmouth, and C&lshot, as well as to 
fortify tho narrow entrances into the harbour of Portsmouth, which was then, os now, considered 
the first naval arsenal of England. Besides these, we owe to Henry VUL the defences of 
Falmouth, Plymouth, Pembroke, Deal, and other important points on the coast. In Queen 
Elizabeth’s time the defences of Milford Haven, the Thames, and Plymouth, as well ns minor 
works on the Kentish and eastern shores, were not neglected by her shrewd and far-socing 
ministers, and the many existing traces of the reign of the Stuarts in the old fortifications of 
Portsmouth, Devon port, Hheerness, Gravesend, and other places along tho coasts, although 
erected more probably from dread of a Dutch than a French invasion, show that neither Charles 
nor James neglected the defence of England on its then weakest and most accessible points. 
During the reign of Anne and tho first two George* the constant dread of descents from tho 
partisans of tho Pretender, or his French and Spanish allies, caused further extensions of our 
coast defences; and when the French fleet rode triumphant in tho Mediterranean, after the fall 
of Minorca and execution of Byng, we deemed it necessary to strengthen the laud defences of 
Portsmouth by the first fortifying of the old Hilsea lines. It is a curious thing that one of our 
ancient northern coast defence*, namely, the Old Fort on the Bass Rock, was the lost spot in 
(»rcat Britain tliat held out for the Stuarts. The long wars of the French Revolution, although 
nur fleets finally swept the seas of our enemies, still demanded constant attention to various ex- 
)m*ed and unprotected points of our coast ; but it was not till France again had a navy, and the 
defences of Cherbourg, Crons tad t, and Sebastopol created, os it were, a new era, and tho due 
progress of things produced the Crimean and American wars, tliat the subject was really taken 
up in a comprehensive and extended manner; our eyes seemed suddenly opened to the utter 
worthlessness of many of our existing works, and an honi<st effort made to effect all the improved 
inodes of fortification now absolutely necessary by the monstrous strides that modern science has 
made in the weapons both of offence and defence. The Report of the Commissioners appointed 
to consider the defences of the United Kingdom, dated the 7th February, 184JO, entered fully into 
the details of their existing state, and gave their recommendations for their augmentation or 
renewal ; and until the present time immense works, costing an aggregate sum of at least nino 
millions both in coast and inland defences to our harbours and arsenals, have been carried on, 
subject however to the disadvantage of the ever-changing increase in the weapons of attack and a 
corresponding increase ever forced on them in those of defence, causing works which might have 
licon lUtflMid perfect a few years ago to bo now nearly useless or obsolete* 

Feconnaissance of a Sea Frontier . — In addition to the general descriptions necessary iu making 
a reconnaissance, that of a sea- board line should clearly describe the nature of the coast; whether 
it is bordered by dunes or sand hills, or edged with fiat rock* in shallow water which would 
render access to it more or less dangerous, or by cliffs which would render it altogether in- 
accessible ; the points on which descents could be easily made, tho rentrant angle* affording 
sheltered creeks and anchorages; tho high lands and capo* affording eligible sites for tho 
erection of forts and batteries should be clearly pointed out, with the height of each above tho 
ordinary high-water level, also all islets and rocks capable of being made available for advanced 
works, such as towers, and so on ; the shoals, creeks, roads, and [>orts, with their soundings, tho 
nature of the winds necessary for entering and sailing out of these porta, of which it will be requisite 
to note the local peculiarities; the state, garrison, and armament of tho different batteries 
established for the defence of the anchoring grounds; the field-works, if any, formed on point* 
where descents might be practicable ; the camps, fortified towns, and other strong places which 
rover or protect the principal maritimo establishments or military arsenals ; finally, to unalyse 
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carefully the existing system of defence, and to consider the beat mode of forcing it. If rivers 
have their mouths on those coasts it is necessary to consider very carefully the influence of the 
tides on their entrances. It is not less essential to indicate the hours of high water at all the 

S rincipal points and ports, and the j>eriod of title more or leas favourable to the approach to the 
itferent points of disembarkation. To these general remarks, taken from the French * Aide 
M&noire,’ we may add that in modern warfare it will Ik> very necessary to take into consideration 
the various lines of railway by which forces from the interior may be suddenly concentrated so as 
to crush any inferior or isolated body of men who may seek a lwstile landing on a coast, and also 
the facilities which may exist for the placing of obstructions either floating or hidden. 

General Principles of Coast Defence . — Before entering into this subject it must be premised that, 
while we write, Borne of the most important points of coast defence are involved in much doubt, and 
must be considered as subject to important changes, according as the experiments on our guns, our 
ammunition, our armour, and our obstructions, floating or otherwise, present from day to day new 
phases. We can therefore only offer a few useful general principles on the subject from the best 
modem authorities, simply reminding our readers that the great question of ship* versus forts and 
iron versus earth yet remains to be solved, when the giants of the earth again do battle. 

Von Wurmbs, in his ‘Lehrbuch dor Kriegs Baukunst,* remarks that the defence of a sea- 
surrounded country, or an extended lino of roast, requires in the first instance movable Ixxlies 
of trooiM cantoned mar the most im{>ortaut points, and acting in co-operation with divisions of tho 
fleet, flotillas of gunboats, and war steamers. Well-arranged lines of railway and telegraph will 
be hero of great importance. Fortresses are, however, necessary at the principal arsenals, dock- 
yards. and other sources of supply, as well as at those points where the landing of a large body 
of an enemy's troops might take place, and so enable them to attack us on the land side. 

The fortification of the principal important points of a coast line, such as our war havens 
of Portsmouth, Sheernesa, Plymouth, Milford Haven, and Cork Harbour, also demand an enceinte 
on the land side capable of withstanding a sudden assault, and outworks which are stroug 
enough to defy a regular attack, to resist the operations of a hostile fleet, and finally to keep tho 
enemy at such a distance as to prevent a bombardment of the place and its establishments. This 
has been the principle adopted in the modem land defences of our naval arsenals, which are now 
sorTounded with substantial forts as well towards tho land as the sea, so as to hold an enemy 
at bay until our forces could be hurried up from all sides. On other points, coast batteries or 
forts of a minor magnitude become necessary to defend roads, havens, or anchorages, to protect 
the interests of commerce, or to hinder the landing of an enemy; due precautions should in all 
cases be taken to secure the rear of these batteries from surprise by proper gorge walls, and 
so on. 

As, nevertheless, fortresses cannot defend every point, or be placed close enough to hinder 
the passage of a powerful fleet, we most therefore in such cases take advantage of floating and 
hidden obstacles of every kind, such as torpedoes, floating batteries, booms, chains, rope nets, 
and so on. 

Coast fortifications, it must always l>e considered, are opposed against the power of a most 
formidable enemy. In tho present day we must consider the enormous and still increasing 
armaments, both in number and weight, of modem ships, and their armour creeping up from 
4 in. to 15 in. in thickness. Even frigates which a few years ago were seldom equipped with 
anything heavier than an IS- pounder, now carry 12-ton guns, discharging a 300-lb. bolt. Also, in 
a proper depth of water, ships can change their position easily and quickly, and by the help of 
steam can tack in tho face of contrary winds and lay their broadsides full on against the opposing 
forts, unless these are situated high enough above the water-level. 

But, on the other hand, many circumstances favour tho defence of fortresses against ship* 
when unsupported by land forces. The most formidable position of ships in attacking a coast 
defenco is no doubt with broadside on, and, theoretically at least, as close as possible ; but iu 
taking up this position, if the ship, not of course a turret, allow itself to be raked by the fire of 
the fort, it is in the first place ciuite powerless to return a gun, and its sudden destruction may 
in many cases take place. If tno wind suddenly changes, the keel touches a shoal, or a shot 
knocks the machinery out of gear so as to hinder its withdrawal from an enemy’s fire, then 
it may be. destroyed by tho guns of the fortress, if they are heavy enough to penetrate her 
iron plating; for in modern warfare we must consider all fighting shins as thus protected. This 
fate very nearly met our fine 90-gun line-of- battle ship the ‘Albion’ and 50-gun frigate * Arethusa,’ 
by the fire of two or three gunB only of the little Wasp and Telegraph batteries, on the heights of 
Sebastopol Harbour, on the 17th October, 1854. In modem times, many brilliant examples of 
this have been given. One large shot striking a line-of-battlc ship near the water-line may sink 
her, or a shell bursting through her decks explode her magazines. 

Fig. 1979 shows tho defences of the entrance to Sebastopol Harbour, and position <jf the cliff 
batteries and attacking ships. The figures show the height in feet above high-water mark. 

We may hero remark the circumstance that coo&t batteries have generally a very large object 
to aim at, — a line-of-battle ship, for instance, from 200 to 300 ft. in length, and, with her sails and 
rigging, GO to 80 ft. in height ; while the shin may have no target to fire at hut an open coast 
battery, covered with a strong earthen shield, and with the muzzles of its guns not rising more 
tluin II ft. above the crest. 

It is desirable to have tho guns of a small battery as much as possible of the same calibre, if 
not of the same nature. It mast be also considered that a ship changing its position at the rate 
of 8 knots an hour moves 000 yds. in 21 minutes ; therefore to meet this, not a single gun, but a 
number on each battery, will be found necessary and most efficient to injure a passing fleet. 

Previous to 18G1 not less than twenty-three varieties of guns were mounted on our coast 
batteries, after which period the number was restricted to five varieties, namely, tho 10-in. gun nf 
86 cwt., 68-pounder of 95 cwt., 8-in. of 65 cwt., 32-pounder of 56 cwt., and 13-in. mortars ; but with 
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the late imagined improvement* in artillery our batteries will be soon generally armed with tho 
12* ton 300-ponTHler, and on important point* with 25-ton 600-poundcra. 

Batteries for mortars, flanked, how- 


ever, by a few heavy guns, are requisite 
on certain important points. Tnat of 
Puokpool, commanding one of the 
eastern entrances to Spithead, is a 
formidable battery of this artillery 
arm, mounting thirty 13-in. mortars. 

Each description of gun should 
have a separate expense magazine for 
its ammunition. 

Low barbette batteries should 
never be used when the work is at 
less elevation than 100 ft. above the 
sea-level, and then only they are safe 
from enfilade. 

Barbetto batteries have the advan- 
tage of a more extended range of fire 
than those with embrasures. 

If a batterv be less elevated, the 
pam)x«t must be heightened, and the 
gun then fires through au embrasure, 
or it must be raised, when great range 
is required, to fire over a parapet of 
7 ft. protected by bonnettes. 

In earthen batteries the distance 
between the guns must not be less 
than 35 ft. when mounted on travers- 
ing platforms, and traverses should 
bo provided for every two guns. In 
case mated and iron-plated batteries 
the guns are generally spaced 24 ft. 
from centre to centre, = to a 12-ft. 
pier and a 12-ft. shield. 

Casemated batteries are necessary 
when it is required to place a work 
close to deep water, and more than one 
tier of guns is necessary to defend the 
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position. 

AU coast batteries, whether ensemated or not, should be retired ns much ns possible from deep 
water, unless by doing so the object of the battery might not be attained. 

Wo in many cases utilize our casemates both in coast and land batteries by using them ns 
barracks for the garrison, but all partitions and roar walls should be made movable and as slight 
as possible. Continental const lotteries, when casemated, are generally open in tho rear ; in 
double-tier casemated batteries the magazines and stores are usually placed in the Imsenient story. 


which is faced with solid walls of gnat strength, and covered with bomb-proof arches. 

It is almost useless to discuss here the question of embrasures. Modem science, however, 
plainly points to the adoption of wmught-irou shields both for casemated and earthen batteries 
when the Moncrieff system of gun-carriage is not used. The thickness of the shields may vary 
according to exposure from 3 to 15 in., with the aperture for the gun's mouth as Bmall as prac- 
ticable. 


Red-hot shot or shells filled with molten iron requiring a supply of furnaces and fuel to heat 
same, were until lately part of the equipment of every coast battery of imfsirtanoe. The universal 
adoption of iron -clad vessels has however diminished very much the importance of this mode of 
defence, and our best modem coast forts have no appliances of any kind for heating shot or 
melting iron except in very peculiar circumstances; an enemy, however, attempting a landing 
with a flotilla of wooden boats, might suffer severely from the use of heated shot. 

The following additional observations are principally founded on Sir J. Burgoyno’a ‘ Notes on 
the Coast Defences of Great Britain.' 

In all Arched vaults, such as casemates liable to be battered, the covering arches should be 
brought endways to the front, so as to form a revetment en dec-barge. 

Batteries or brigades of guns to be brought up with troops to parts of a coast threatened, 
will bo worthy of being organized in time of war in central secure stations. 

The most effective fire against ships is doubtless from guns itlaced but littlo aliove the level of 
the water, but so placid they would bo subjected to an overwhelming fire from Bhips in return. 

In proportion as batteries are elevated they lose in the best effect of their own fire, but become 
far leas exposed to suffer from that of ships. 

There is also from elevated batteries, if close to the water, a certain space near them which 
they cannot command at all, and where vessels and boats would be consequently Bafe from them. 

Sir J. Burgoyne considers an elevation of not less than 50 ft. as a good medium elevation : at 
that height the shot may be made to strike the water at a distance of 200 yds., and will ricochet well, 
and at the same time the guns would be but little exposed to direct fire from shipping. 

Rockets may be of great service in close quarters with ships. With reference to the exposure 
of guns and gunners, he remarks that in military operations the first aim is to obtain success ; 
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to Mive life is a secondary consideration, excepting so fur as may not impodo the first, when of 
course it becomes an anxious and imperative duty. 

He recommends the construction of packets ami mercantile steamlxiats to carry guns In case of 
need, and the organization of the population of the coast, the coastguard ami dockyard men to man 
our batteries. 

The experiences taught in the lost American war have thrown quite a new light on what we, a 
few years ago, b urned in the Baltic ami the Black Seas. Von Scheliha, in his work on 4 Coast 
Defences,’ lays down some general rules, which we hero give, being worthy of consideration, and 
supporting his proposition* by examples of ditfereut conflicts on the coasts and rivers of America, 
premising that lie considers the Confederates in the first place committed a great mistake in 
attempting to fortify so many ]>oints as they did both on their coasts and rivers. 

а. That railway communication with different points is preferable to fortifying places of 
secondary imjiortanco. 

б. That exposed masonry or brickwork is not capable of withstanding the effect of modem 
artillery. 

c. That earth, especially sand works properly constructed constitute a better protection against 
modem artillery than permanent fortifications built on the old plan. 

<i. That guns mounted on barbette, even when protected by properly-built traverses, may bo 
silenced by a concentrated fire from ships. 

e. No fort now built can keep out a large fleet unless the channel be obstructed. 

/. A mere partiul obstruction of a channel not sufficient hi keep out a large fleet. 

g. No fleet can force a passage if kept under the fire of heavy batteries by properly-placed 
obstructions. 

These views of Von Scheliha are on the whole satisfactory to us with a few exceptions, when 
we consider the vast outlay we have made within the last few years on our coast defences. With 
torpedoes and other hidden obstructions, backed by the Are of our modern forts, no fleet could 
possibly pass narrow channels like that between Hurst Castle ami Sconce Point, or the winding 
sinuosities of deep water between the Spithead Forts, the Thames, Medway, entrance to Plymouth 
Sound, and other similar localities leading to our princi{>al arsenals and dockyards, as well as tho 
river entrances to our great commercial emporiums, as Liverpool, Hull, Bristol, &c. 

The vast alterations in the armaments even of our older defence# have rendered a great number 
of additions to our magazine and store accommodation necessary ; increased provision must bo 
made for shells, apparatus for large guns, ami so on. In the larger earthen coast batteries tho 
magazines are generally in the rear of the work (which should have its gorge closed by a defen- 
sible loop-holed wall), aud constructed with bomb-proof arched brickwork, with a covering of earth 
varying from 4 to ti ft. ; smaller expense magazines are formed in the various traverses, and other 
secure places in the earth-works. There is considerable difficulty in this climate in preserving 
these magazines free from damp, principally arising from condensation of saturated air on the 
walls. If deeply seated in or covered with earth, the ventilation is often defective, and where 
wooden floors ore used considerable ravages have been made by dry rot, the wurw and damp 
air within the magazines appearing to favour the growth of fungi in the timber. Floors of 
asphalto laid pure without grit are now used in magazines with advautage, and the application 
of steam in drying the internal air of magazines is a subject worthy of consideration. 

Tho views of Rear-Admiral Porter, U.S.X., on coast and river defences, as enumerated in his 
report, ItkiS, are these, namely : — 

а. Tuo much importance cannot be attached to the employment of torpedoes and other hiddeu 
obstacles. 

б. Considers that no forts can withstand the united fire of monitors and iron-clad vessels. 

c. Recommends tho combination of military with naval attacks. These formed an important 
feature too much overlooked, |>crhaps, in tho attack and defence of coast forts during tho 
American war, us at Charlestown Harltour, Vicksburg, itc. 

d. Little difficulty occurs in running post the strongest forts if no obstructions natural or 
artificial exist, but on forts only no safe reliance can be placed. 

e. He knows no instance in which troops and ships properly combined have attacked a fort 
but they have taken it. 

/. One gun on shore being considered equal to ten afloat is a principle not at all to be 
depended ou. 

</. Even if guns in a land battery are protected by traverses they are not safe from vertical 
fire. 

h. It must, however, be allowed that there arc certain points on every roost where forts can be 
built unassailable by ships, and that Federal Point, Wilmington River, where Fort Fisher stands, 
is one of them ; also if the engineer who built the latter had placed it one mile inside of where it 
now stands it would have been inaccessible both by sea and land. 

». Guns placed in a land battery should not be less than from 00 to 100 ft. apart. 

j. Our frowning stone walls with their guns standing en barbette, or looking through small 
ports in the casemates, look strong, while both arrangements are serious defects. 

k. Latterly tho rebels revetted the stone walls of their forts, external as well as internal, with 
sand bags. 

l. Fort Fisher was the key to all the immense system of defences to Wilmington Harbour, 
and will furnish fond for study to our military engineers for years to come ; and in many cases the 
system inaugurated by the rebels will be adopted by us. 

m. Never erect a fort without consulting the hydrography of its approaches. In Wilmington 
River a chain of the strongest works over erected was lost because Fort Fisher, the key to them 
all, was placed within reach of ships. 

n. The shells of navy guns most effective against land batteries. 


Digitized by Google 



988 


C0A8T DEFENCE8. 


o. He recommend* that all our work* shall be of earthwork, or that those now built should lie 
covered with earth ; the guns to be mounted on monitor turrets ; iron to any thickness and guns 
of any measure may U- thus used, and so far have ati advantage against a floating enemy, in 

which the use must be limited. 


p. The value of land 
fortifications is, he con- 
siders, not in the least 
diminished by the late 
results ; their import- 
ance is greater than 
over, but they must bo 
properly built. 

Fig. 1980 shows the 
position of Fort Fisher 
at entrance to Wil- 
mington River. 

Fig. 1981, plan of 
the defences of Fort 
Fisher. 

Classif cation of Coast 
Defences . — The sea de- 
fences of our naval 
arsenals, commercial 
harbours, and most ac- 
cessible landing points 
on our coasts, may bo 
classified as follows : — 

1. Existing old 
castles erected origi- 
nally in the times of 
the Tudors and Stuarts, 
many of them still 
forming the nuclei of 
our present works. 

2. Coast towers, 
martello towers, Ac., of 
more modern construc- 
tion, dating principally 
from the period of the 
earlier wars of the 
French Revolution. 

3. Simple earthen 
batteries firing through 
embrasures or en bar- 




bette, in many cases 1Ml ^ 

open or undefended at 

4. Earthen batteries 

of unproved formation, ^ 

with dosed defensible O/^ 

gunners, maj^zine*, Ac. 

of floating armaments. ^ ^ ® \ 

In this classification wo have not included numerous coast forts similar to class No. 5, con- 


structed on the old principles of unprotected embrasures, with walls of brick or similar materials, 
in Borne cases faced insufficiently with stone. Such is Fort Victoria and Cliflfe End Fort, on the 
right-hand side of the Solent passage, the batteries at the entrance to Portsmouth Harbour, and 
numerous other old though costly forts of the samo construction, which must be considered to all 
intents and purposes obsolete, and should be reconstructed sootier or later, in ono of tbo classes 
we have given above. This applies to defences constructed by Russia, France, America, Spain, 
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Holland, and other Powers, as well as by our own Government, during the last eouplo of centuries, 
whon the principles of Vauban and Cochora were [terhaps more considered in theory than the ad- 
vantages of site, local marine difficulties, Ac., which to-day afford room for the display of tho 
peculiar talents in coast defence by our modern officers of engineers. 

Class 1. — Previous to Henry VIII.’s time wo had, on many points of our coast, castles in tho 
feudal style, such as at Dover, Scarborough, 1 tarn borough in Northumberland, nnd many others, 
erected, however, before tho invention of artillery. Many of them were allowed to fall to decay 
when that important element begun to como into operation, and tho earliest improved form of 
coast defence appears in the many castles erected by Henry VUL in dread of an invasion by 
the Catholic Powers of Europe after his quarrel with the Pope. They consisted generally of a 
central keep, with curved case mated batteries at a lower clovation, and were constructed of strong 
and substantial masonry or brickwork, available for store and barrack purpose* to tho present day. 
The castles of Southscn, Hurst, Yarmouth, and those of Falmouth and Dartmouth liarooure, Deal, 
and Walmer, are of this period. 

Fig. 1982 shows Southsea Castle as originally built. 

1*81 1*M. 


Scale, 1 2J" to a mile. 


A, Keep, fi, B, Batteries. D, D, Ditch. 

Fig. 1983 shows Hurst Castle, once the prison of the first Charles. It is now a place of much 
strength, large ensexnated granite batteries, same as class No. 5, mounting sixty-one heavy guns, 
being erected in front and on each flank of tho original castle, nnd showing that the engineers of 
Henry VIII. had a good eye for a site for defence. Besides these heavy guns, it will probably ho 
eventually equipped with an armament of three turrets on the upper platform, mounting six 
additional guns, certainly not less than GOO-pounders each. 

Fig. 1984 shows the modem extensions to tho old Hurst Castle. 


1»94. IMS. 



Fig. 1985 shows the old castle of Yarmouth, still mounting half a dozen light guns, and 
affording accommodation for a few storos and gunners. This is a curious relic of medinval 
times, although as a work of defence it is now obsolete and rendered useless by the more modem 
works in its immediate neighbourhood at Fort Victoria and Cliffe End. 

The old works at Dover and Sheerness of this period are quite absorl>ed by the modem works 
of defence surrounding them. The still-existing important coast work at Landgu&nl Point, 
mounting twenty heavy guns, has been a good deal modernized, but dates from the time of 
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James I. Tho old defences of the sea entrance to Portsmouth and Plymouth Harbours are prin- 
cipally of the Stuart period. 

Fig. 1986 shows a bird’s-eye view of the defences of Plymouth, land and sea, anno 1643. 


Clou 2. — In the early part of the revolutionary war the damage inflicted on one of our ships 
of tho lino and a frigate by a single-gun tower in Martello Bay, in Corsica, caused rather an 
exaggerated idea to be formed of its power of defence, and numbers of them were erected on our 
southern and eastern coasts, as well as on the weakest points of the Channel Islands, on the coast 
of Ireland, in the vicinity of Dublin, Cork, and Lough 8 willy, Ac. Rear-Admiral Porter, in ‘Von 
Behelilm,’ reports a similar case where a one-gun, 24-pounder tower, cut up and repulsed a 20-gun 
frigate that he served in. 

Sir .T. Burgoyne considers towers may l>e usefully applied in detached positions, and no doubt, 
if properly covered by an earthen envelope, would still be found of advantage in defending our 
cmxts in minor operations, or in groups of four to six opposing the landing of an enemy during a 
period of war, on many points of tho 300 miles of shore accessible for landing troops of the 800 
miles extending from the Humber to Penzance. 

Martello towers were nearly all built on the same model, in England of brick, and in Ireland 
and the Channel Islands of granite. They generally mount a 24-pounder gun on top, are loop- 
holed more or less, and accommodate a garrison of from six to twelve gunners. In some cases 
they are surrounded by a ditch with small bridge, and covered by a glacis ; in other cases are 
merely accessible by a ladder, movable and defended by a machicoulis. Few of those towers 
are now equipped, and they are generally occupied by a few coastguard men. 

Figs. 1987 to 1989, from ‘Von Wuraibs,’ show the plans and section of a martello tower, tho 
stores and ammunition being kept in the basement. The outer walls are generally from 6 to 8 ft. 
in thickness. 

Figs. 1990 to 1992 show one of tho series of towers of tho same naturo approved by the first 
Napoleon for coast defence purposes. They are generally square instead of round, and accom- 
modate a larger garrison and mount more guns. They wore intended for the same purposes os our 
smaller towers. On many land frontiers where a small garrison has to hold out against numerous 
assailants unprovided with heavy guns, such as those <*f New Zealand and the Cape, these towers 
would be found very useful, and on the frontiers of the Utter colony several of them have Wen 
erected. They should, however, be carefully furnished in this case with tanks or wells. 

Class 3 .—h'arthen Batteries * tndefnuied at Hear or open at (jortje . — On many {joints of the coast 
elevated from 100 to 300 ft. above high-water mark these batteries will be found economical in 
construction, and effective. Our experience in the Crimea, which we have already alluded to, 
where, on the 17th October, 1854, the Allied fleets attacked the outer defences of Bebastopol 
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Plan of upper floor. 


Plan of basement. 
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Harbour, and the warm reception our heavy-armed ships met from the guns of the little Wasp and 
Telegraph cliff batteries, which inflicted more damage on them than all the guns of the granite 
coaemated forts put together, will render even iron -clads cautious how they approach those elevated 
batteries, capable as they are now of being armed with guns of the heaviest calibre. Batteries of 
this nature in time of war wonld be supported and supplied by magazines and depot* situated 
inland, and easily accessible by tram-roads or otherwise. 

Earthen batteries may, at an emergency, bo easily thrown up, and by the use of strong timber- 
framing and earth even mount a second tier of gun*. Many of the Confederate batteries during 
the late American war were of this construction ; but the materials they are com|Jo»ed of should 
be always at hand, and therefore they are inapplicable on rocky cliffs, shingly beaches, and 
similar sites. 

Fig. 1993 shows a cheap earthen battery open at rear for seven guns of any calibre up to 
300 lb®., the cost of which with bomb-proof magazines, traverses, &c., will not exceed 800/. a gun. 
It is similar to a very excellent battery lately constructed on Hatherwood Cliff, near the Needles, 
in the Isle of Wight. 


im. 



Figs. 1994, 1995, Bhow sections of an earthen battery covering a strong wood framing, forming 
a casemate below, similar to many erected by the Confederates daring the American war. 


1M4. 1993. 



Longitudinal Section. Scale, 24 ft. to an In. 


Figs. 1996, 1 997, plan and section of Fort Powell, in Mobile Harbour, a combination of earth- 
work and timber. 

Class 4. — Karthen flatteries, with Accommodation in Rear for Troop* and Stores, tfc., with closed Loop- 
holed Gorge and enfiladed Ditches »n Front and on Flanks, — Mounted with heavy guns, batteries of 
this nature are a most useful element of defence for onr commercial harbours, and the rivers 
leading to our principal maritime emporiums, Ac. They are constructed generally on the most com- 
manding positions, and have ample accommodation, in low flat-roofed buildings, for their garrison 
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in the rear, and well-protected bomb-proofs for magazine* and sterna, wells and water-tanks, so 
as to be enabled to resist a coupdc-ma/n, if iho cucuiy should land a force in their neighbour- 
hood. Tho guns, which 

may be of the heaviest iwc. 

calibre, fire either en bar- 
bette or through earthen 
embrasures protected with 
iron shields. Thu ditch 
in front and an flanks is 
often further defended by 
a loop-holed Carnot -wall 
and flftukiug caponnii*ro 
chambers. Of this clsss 
arc batteries lately effected 
to protect the channel of 
the Humber, tho entrance 
to the Orwell and Stour 
riven near Harwich, tho 
new batteries on each flank 
of Southsea Castle, and 
various other points on tho 
coast. Btonerieff gun-pit.* 
will be equally applicable 
to batteries of this con- 
struction os the last; ample 
shelter for gunners is pro- 
vided in the interior of 
traverses, passages to ma- 
gazines, Ac. These bat- 
teries in connection with 
floating or hidden obstruc- 
tions would make the ap- 
proach to our principal 
maritime towns, situated a 
few miles inland, nearly 
impossible ; tho gunnera 
also enjoying good quar- 
ters, not subject to the in- Plan, 

convenience or dangers of 

caserns tod batteries. 1M7 



Sectiou on line A D. 


In the construction of batteries of this description the immensely increased penetrating power 
of modern artillery on earth-works must be taken into consideration. The penetration of a 000-lb. 
shot fired from a 13-in. gun at 200 yards is esti- 
mated at 50 ft., and a 150-lb. 9-in. shot at the 1*9*- 

same distance, 30 ft. \\ 

Fig. 1998 shows Soutbsea Castle, with aux- 
iliary earthen batteries and defensible gorge-wall 
in r»«r. 

Figs. 1999 to 2001 show a 2-gun battery 
similar to those on the Humber ami near Har- 
wich, with Cnmot-wall in ditch, soldiers’ quarters, 
and stores in rear. The uuit for such batteries 
may lie considered the distance from centre to 
centre of each gun mounted, or generally from 
35 to 40 ft. American engineers consider this 
distance ought to be enlarged. 

Earthen batteries are sometimes armed with 
mortars which will make, where they are 
mounted, a different arrangement necessary. 

Figs. 2002, 2003. show a unit of a mortar 
batten' containing platforms of from four to six 
mortars in a group. These may be placed in the most eligible positions for vertical fire, and tho 
remainder of the battery armed with heavy guns. 

Class 5. — Single or AwU» Tier Casctrudcd Batteries , faced with Granite anti provided with Iron 
Shields to Embrasures . — When the Defence Commission of 1860 made their report, granite-faced 
cascmntcd batteries, from the experience the then unarmonml ships had received in the Baltic 
and the Crimea, were in high favour; it was then a question of granite versus oak, not as now 
granite versus iron ; and in the representations in the pictorial papers of tho day, the granite forts 

3 8 



Scale, 6" to n mile. 

A, Old Central Work. B, New West Battery. 
C, New Hast Battery. 
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ittrt. 


lait showing two guns 
And traverses. 

Scale, 100 ft. to an in. 


rliui. Scale, 300 ft. to an in. 

Hefrrmcrn ; — a, a, Glacis. 6, 6, Slope of ditch. C, C, Ditch, d, d, 
Carnot- wall, e, r, Banquette. /, Caponniire. <J, (f, Traverses. A, A, 
Expense magazine. i, i, Embrasures. k , Gun en barbette. /, Term* 
plein. ro, Parole. m. Magazine, o, Quarters in rear, p, Entrance. 
q , q. Defensible gorge-wall. 


Section on line A' B'. Figures show height above high water. 


of Cmnstndt nnd Sebastopol presented a moat threatening and formidable appearance. Those of 
Cronstadt had defied our attacks, because, ns military critics say, they were never made; and in 
the little tuaalo between the Allied fleets and the 8ebaato]M>l batteries it must be confessed that 
we stood in considerable awe of them, and kept, with one or two exceptions, at a moat respectful 
distance, and when we did approach nearer got the worst of it. The destruction of the Boraarsund 
defences would naturally be attributed to their unfinished state, as well as to the co-operation 
of a land attack ; therefore the Defence Commission were rather inclined to look with favour 
on granite walls and embrasures, even when unprovided with iron shields or platings; and we 
find our moat important and expensive works were progmaed to be executed in that material, and, 


Digitized by Google 








COAST DEFENCES. 


995 


with tho (in tho course of time) nocesaary alteration* and additions for iron shields to embrasures, 
have been so constructed. We may instance — tho Garrison Point and Isle of Grain defences, near 
Sheerness : the Thames and Medway forts: the important position of Gillkieker and Hurst Castle 
in the Spithcnd and 8olent defences of Portsmouth Harbour ; many works also in the Plymouth 
and Milford Haven defences. But more recent experience has shown us, in batteries at the water- 
level, or only moderately elevated above the same, even when furnished with iron shields to 
embrasures, that solid stone piers offer but a poor resistance to the heavy puns of modern 
warfare. Unfortunately, many of our forts were already thus built before the experience of tho 
lab? American war was acquir'd ; and to plate them with iron now would cost nearly as much os 
their original construction : and, indeed, in many cases when they are retired from the water’s edge 
would not be necessary. It is, however, probable that for the future granite will enter much less 
into our coast defences as an clement of resistance than it has hitherto done. An inspection of tho 
diagram we give, of n granite-faced iron-embrasured coast battery, Figs. 2014. 2015, shows a rather 
defective construction, for if the intermediate piers be battered down, the abutments of the groin'd 
arches necessary for the movement of the guns within will be destroyed, and the whole of the 
bomb-proof masonry and guns on terro-plein above will become a heap of ruins. The attention 
of our engineers is now directed to n simpler mode of construction, in which wrought-imn girders 
and iron-buckled plates covered with concrete and earth will probably supersede brick arches 
altogether, unless in cases where the end of the arch itself goes through the external walls, and 
direct fire will not affi-et its stability. Batteries of this nature arc composed of units, the unit 
being a casemate for one gun ; a battery of any number of guns therefore consists of ns many units 
arranged in as many tiers as may stem desirable. The store and magazine accommodation is 
generally in the basement, where the external walls are solid, and of great thickness, and it will 
be necessary to provide for at hast 200 rounds of shot and shell for each gun, besides all necessary 
tramways, lifts. Arc., for the easy conveyance of the heavy missiles we now use, and the fall of ono 
of which might endanger the safety of the whole battery. These magazines are lighted by oil 
lamps, with thick plate-glass fronts and reflectors, and fixed through nurtures in the external 
walls. In many cases during the late American war it was found necessary to revet stone-faced 
batteries with sand-hags. 

Figs. 2004 to 2000 are a plan and sections of Fort Sumter, which after a long resistance was 
finally destroyed by the Federal American fleet. It is not a favourable example of a ensemnted 
battery, as the casemates arc small and confined, and tho thickness of tho walls appears insufficient. 


200 - 1 . 




2006. 


Section on line A B. 


2006. 



Section on line C I>. 


Figs. 2007, 2008, show plan and sections of tho unit of a single-tier casemated battery. 
Turret guns or heavy guns en b&rbctto may bo mounted on top. In this case tho magazines are 
detached and not in basement. 

Figs. 2009 to 2011 ore a coast battery, with a small keep in rear, mounting thirteen guns in 
casemates and eight heavy rifled guns on tcire-plein, from Von Warm be’ ‘Lelirbuch der Kriegs 
Baukunst.’ 

Figs. 2012, 2013, show two casemates of the old Blockhouse Battery nt the entrance to Ports- 
mouth Harbour, and section through same. The limited dimensions of the caseinates are a great 
contrast to those of the present day, although with the old guns this battery was considered a 
most efficient ono. 

Figs. 2014, 2015, Bhow an example of one of tho most approved single or double tier casemated 
battery, with magazine and stores beneath, anti caseinates fitted to 800010010(1010 troops, with 
verandah behind. Before the adoption of iron external plating, these batteries were probably tho 
strongest construction used. Their cost, including the shields, buildings, and wall in rear, would 
be about 3500/. a gun. This construction is applicable to any portion of a curved surface, or to 
the entire circle. 

Many of the batteries of the Kussinn arsenals, and those of France and the United States, are 
formed on this principle, which wo arc beginning reluctantly to consider obsolete. Russia and 
other countries have already commenced plating their granite batteries with iron. Wo fear, 
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Pkn of Terre-plein. Scale, 100 ft, to J in. 
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however, that total reconstruction will bo in many cases found necessary, os it was with our 
men-of-war a few years ago. 

Cl * ft 6. — fron-cJad isolated Forts plated on Stone VTnflt, or independent fron Construction ^ — There 
are in progress now the stone bases of four marine forts, 200 ft. diameter, at Hpithcnd, and one 
of an elliptical shape, but rawly of the same mean dimensions, on tho Shovel ltnrk, behind the 
Plymouth Breakwater. Recent experiments at Shoeburyness would seem to point out that tho 
resisting face or iron construction of these forts should be quite unconnected with, and indepen- 
dent of, the internal arrangements of masonry or brickwork, forming, as it were, an external shell 
round same, Tho plating of granite walls with iron plates, connected by heavy bolts and screws, 
we have always considered to be a mistake, as the elasticity and continuity of mnterial which might 
permit it on the wooden sides of ships are much wanting either on wnlls of granite or hrick. Tho 
Russians arc attempting a sort of plating on their Cronstadt forts; hut practicol men doubt of its 
ever being effective, ami the expense of plating walls with railway iron and such small material 
in tho American war led to no satisfactory results when opjwetod to heavy guns. The internal 
arrangement* of forts of this nature will differ little from those of the cosematcd granite forta 
shown in Figs. 2014, 2015. 


2014. 



Plan. Scale, 80 A. to an in. 


References : — a, a, Powder lift#, ft, ft, Shell lift*, e, c. Light boxes, d, d. Iron shields, c, e, Venti- 
lating and light nurture*. M, Stone picra. P, M, Powder magazines. S, S, Shot and shell store. 

L, Laboratory. N, Terre-plein. 

Kir J. F. Burgoyne, in his letters to tho Secretary 
of State with reference to the defence works, dated 
20th February, 1S1>7, olwervra: — “The circumstances 
under which it is most roiuisito to apply iron defences 
on the fullest scale are where lotteries arc necessarily 
placed in very exposed and isolated situations, and 
where the area of tne site on which guns can be placed 
is unavoidably restricted ; such as in the sea or in a 
very few analogous |jositions on shore, when? founda- 
tions are costly and where tho works are subject to a 
concentrated firo from a large number of powerful iron- 
plated men-of-war. 

“ On tho shore where the space is not limited and 
where guns are more or less dispersed, or in channels 
where there is no probability of ships being able to 
engage batteries for a lengthened period, it is only 
requisite to apply iron in this form of shields for strengthening that part of tho work about tho 
embrasures, which in butteries of an earthen or granite construction would otherwise be very weak. 
In cases where batteries arc at a considerable height above the sea, no embrasures ore necessary, 
and iron shields are not required." 

General Motes oti the PntctioU Construction of Coast Batteries . — When stono is used in the facing 
of batteries it should be of the hardest and most compact nature, in as large blocks as (sxsiiible, 
and set on its natural bed ; even in granites this should be regarded, although they are often 
erroneously supposed to lmvo none. If intended to be afterwards iron-plated, all the necessary 
holes for bolts, cliases, sinkings, &c., should bo previously made, firanite or other stone facing 
may be hocked with brickwork, aud tho same may be used in all revetments, walls of magazines, 
&c., not exposed to direct fire. 

The greatest care should be token to ensure ventilation to all floors and other woodwork in 
earth-covered buildings. 


2015, 
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In throwing up earthen batteries of any size, the enginoer should study tho geological peculi- 
arities of the site, nature of tho formations, fte. Many serious failures in our earth-works have 
occurred by the neglect of this precaution, especially near tho junction of tho chalk and tertiary 
formations, and in the various drift deposits on our southern coasts. 

When earth-works are to be thrown up, tho proper drainage of tho natural surface beneath 
them should be considered, so as to prevent tho accumulation of water in the earth formed as a 
rampart. This should l>e a preliminary step, and is too often overlooked, causing constant slips iu 
the slopes formed. 

Karth-works should be formed in layers not more than 15 in. in thickness, and well rammed. 
Occasional thin beds of burnt ballast or shingle should bo used, and agricultural drain-pipes 
so laid as to conduct off all superfluous water as quickly as possible. 

Slopes steeper than 45° can hardly be formed without the employment of built sodwork, which 
experience proves is very liable to decay. Flat slopes may be either covered with Hat sods or 
•oiled with fine mould and sown with selected grass seeds, with roots calculated to form a tibroua 
network. 

Conduct all rainfall off your works as rapidly as possiblo, by means of surface, pipe, or other 
drainage. 

Give your guns plenty of room, and let their platforms or ractr-ltlocks be firmly bedded. 

If iron plating be used, let its form be simple and with as few bolts as possible, and let all 
ironwork of embrasures bo (minted the same tint ns the surrounding material, whether grasswork 
or granite, so as not to present a distinguishing mark at a distance. 

Earth-works should bo formed ns free from shingle or loose stone on the external oovoring ns 
possible, although in some cases a core of such material may be found convenient to use; one of 
chalk forms an excellent nucleus for a battery. 

The comparative cost of earth, concrete, granite, and iron, in relation to their comparative 
strength, may bo estimated, taking earth as the unit, as 1, 8, 10, 50. Concrete costs 10 times as 
much as earth, but offers 3 times tho resistance : granite 100 times as much, but 10 times tho 
resistance ; aud iron 40 times as much, hut from 2000 to 3000 times tho resistance. 

Every battery, no matter how small, should be provided with a well or tank for the supply of 
water. 

Tho position of tho flag-staff of a coast battery should be such as to draw off the fire of an 
enemy to a point where it will do as little harm us possible, as it is often the only target for an 
enemy to fire at. 

I-et all artificial lights in magazines, Ac.. lie so placed that no concussion can displace them. 

No ventilating shaft or passage should be maue which could admit of the direct entranco of 
any missile into a magazine or passage of same. 

And finally, gunners should be made to feel perfect confidence in tho stability of the batteries 
they are appointed to defend, and in tho sufficiency of shelter and means of supplying ammuni- 
tion to tho guns, and cover for the wounded. 


TABLE I. — SHOWING PROBABLE MaXIMTM PENETRATION OP PROJECTILES IN VARIOUS MATERIALS. 
(Appendix to Report of Committee on Fortifications, 1868.) 


Nature of Gan. 

Maximum lVnctratlon in 

Remarks. 

Earth. 

Concrete. 

Brickwork. 

Rabble 

Moaonry. 

Granite. (•) 

Imn 

PUttog.( b ) 


fL 

ft. 

fL 

ft. 

ft. 

in. 


12-in 

50 

15 

15 

10 


15 

(*) The destructive 

10 

45 

H 

14 

9 


14 

effect of a shot in frac- 

9 

40 

12 

12 

8 

2 

11 

taring granite, extends 

8 „ .. .. 

35 

11 

11 

7 


10 

far bevond the limits of 

7 „ 

30 

9 

0 

6 


9 

actual penetration. 

110-poundor .. 

28 

8 

8 

5 


6 

( b ) The thickness 

70 „ 

24 

7 

7 

4 


5 

given are those of singlo 

40 

16 

5 

5 

3 


4} 

plates, which are just 

20 

12 

4 

4 

2 


4 

cft|i«hle of keeping out 

12 

5 

2 

2 


.. 

3 

a shot. 


Table II. — Showing probable Maximum Penetration op Spherical Mortar-Shells 
imuinoi.no with the greatest Velocity which they can acquire in Air. 


| Nature of 


Maximum Penetration in 


Shell. 

Earth. 

Concrete. 

Brickwork. 

J Rabble Matont}'. 


ft. In. 

ft. in. 

ft. In. 

| in. 

13-in. 

6 0 

1 6 

1 0 

8 

10 „ 

4 0 

I 0 

I 0 


8 „ 

3 0 

0 8 

0 8 

6 

i 
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Table III.— Showing Covering fob BoMB-raoor Conetri ctionr, Semicircular Arches, and 
Arches ok 120^. (Report, 1869.) 


Span. 

CovKitnco roB BuMB>raoor Cammatk. 

Remark*. 

Semicircular Arche*. 

Arche* of 120°, 

Bloc* Slone. | 

Brick, 

Rubble Stone. 

Block Stone. 

Brick. \ 

Rubble Stone. 

ft. 

ft in. 

No. ; 

ft. in. 

fL in. 

I No. ■ 

ft- in. 


5 

0 9 | 

1 

0 11 

0 10 

1 

1 0 

The thicknesses given in 

6 

0 10 

1 

1 0 

0 11 

14 

1 2 

this Table for archie are 

8 

1 0 

H 

1 2 

1 2 

14 

1 * 

| not in themselves adequate 

10 

1 2 

i» 

1 4 

1 3 

14 

1 6 

to resist the concussion 

12 

1 3 

M 

1 6 

i ii 

1 2 1 

1 8 

of the fall or explosion of 

14 

1 4 

14 

1 8 

1 6 

2 

1 10 

the charge of 13-in. shells. 

16 : 

1 5 

2 

1 9 

1 7 

24 

2 1 

They are calculated in all 

18 

1 6 

2 

1 10 

1 8 

24 

2 2 

case* to l»o protected by a 

20 

1 7 

2} 

1 11 

1 9 

» i 

2 4 

farther covering of from 2 

2'.' 

1 8 

:i 4 

2 2 

1 10 

3J 

2 6 

to 3 ft. of concrete, or from 

24 1 

1 9 

34 

2 4 

2 0 

4 

3 0 

4 to 6 ft. of earth. 


Table IV. — Showing Weight and Energy op Gun* and Projectile*. 


Description of Gun. 



Weight of 


Initial | 
Velocity »lth 
Highest 
Charge. 

Energy or Ihindiing 
Power per Inch of 
iSbot’a circumference. 

1 

iToUl Energy 
of PrqjacUw 

Gun. 

Projectile. 

Highest 

Charge. 

At 

Muuie. 

At 

looo yd*. 

at 1000 yd*. 

' 

Cast-iron Smooth Bore . 

ton*. 

cwL 

Its. 

lb*. 

ft. 

foot -ton*. 

1 

foot- ton*. 


32-poundor 

2 

18 

32 

10 

1690 




8-ra. shell 

3 

5 

49* 

10 

1488 



.. 

68-pounder 

4 

15 

68 

16 

1579 

46 

18 

452 

Wrought-iron MuzxU-hadinq 
Rifles. 

7-in 

0 

10 

115 

22 

1430 

75 

52 

1143 

8 „ 

9 

0 

180 

30 

1 380 

88 

, G6 1 

1659 

9 „ 

12 

0 

250 

43 

1340 

111 

85 

2403 

10 

18 

0 

100 

60 

1290 

148 

123 

3863 

11 

25 

0 

600 

70 

1212 

163 

137 

5165 

12 | 

i 30 

19 

600 

100 


1 

*• 



The following statements will show the financial position of our defence work* from the period 
of the first report of the committee until 1869. 

Table A. — Original Estimate of the Defence Commission or 1860. 


Place. 

i Recommendation of Royal Commiaaion. 

| Pnrchaae of Irani. Erection of Work*. 

Already 
authorized, but 
not voted. 

Tout. 


£. 

£. 

£. 

L 

Portsmouth 

830,000 

2.070,000 

400,000 

2,800,000 

Plymouth 

755.000 

1.915,000 

850,000 

3,020.000 

Pembroke 

150.000 1 

450,000 

165,000 

765, 000 

Portland 

100.000 

150,000 

380,000 

1 630.000 

Thames 1 


/ 180,000 


180,000 

Medway and Sheenies* 


\ 400 , 000 


450,000 

Chatham 

180,000 

1,170,000 


1,350,000 

Woolwich 

300,000 

400,000 


700,000 

Dover 

20,000 

150,000 

165.000 

335. 000 

Cork 


120,000 


120.000 

Armament of works 




500.000 

Floating defences 




1,000,000 

Totals .. 

1,885,000 

7,005.000 

1,460,000 

11,850,000 
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When the report of tho commission was considered by Government, it was determined to raise 
the money for works and lands by loan, and to provide for the armaments aud floating defences in 
the annual estimates. 

Omitting, therefore, these last two sums (1,500,000/.), tho commissioners' estimate may be 
divided thus : — 

£. 

For completion of works authorized previous to 18(10 1, CIO, 000 

For new works recommended by tho commission, including! u 

1,885,000/. for had !/ t*’ 740 ' 000 


Total .. .. £10.350,000 


This amount was, however, in the first instance reduced by Government, 
by tho omission of several imjiortant items, namely : — 


Portsmouth 

Plymouth 

Pembroke 
Medway .. 
Woolwich 


(Two Spit head forts aud two advanced forts,’ 

[ Gosport position .. 

(Inner line, N.E, defences, omitted, and reduc-' 

[ tion in Breakwater Fort .J 

Reduction in number of land-works 

Grain Spit Fort 

Total amount 


400,000 

400.000 

150.000 

100.000 

700,000 


8,540,000 

Government added, however, 


Dover, additional 30,000 

Central Arsenal (afterwards omitted) 150,000 

180,000 


First reduced estimate 


£8,720,000 


In proposing, howover, the first vote to Parliament, further works were omitted, namely : — 

£. t. 

Amount proposed by Government . 8,720,000 

Portsmouth .. Connecting lines 20,000 

Plymouth .. {^S t ^[™° <3 .‘ ndtheWl,0 ! e } 1.800.000 

Chatham.. .. W. defences 700,000 

Pembroke .. { F t,!rw 0 Tk' 8 UCt . i .° n °!} 2M ' 000 

2,150,000 

And a further reduction for works provided for in) ^ 

A Estimates, 1800-01 / 890 • 000 

2,540,000 

Remaining to be provided by loan .. £0,180,000 


Table B. — Estimated Expenditure for Completion. 


Portsmouth .. 

(Land ik'fenoes l?" 4 " > ine " •• 

(inner lino .. 

' Softhead defences 

| Isle of Wight defences 

Needles defences, including Hurst) 
l Castlo j 

t 

550.000 

320.000 
1.387.000 

103.000 

201.000 

Plymouth 

/Harbour defences 

(Land defences 

28 

ii 

Pcmbroko 

( Soa defences 

(Land defences 

205.000 

130.000 

Portland 

f Verne Citadel 

(Notho and Breakwater Batteries 

125,000 

31G,000 

Gravesend or 
Thames defences 

(Forts nt Coal house, Cliffe, Shomemcadc, aud) 
l Slough ..j 


£. 


2,081,000 

1,218,000 

395.000 

441.000 

420.000 


Carriod forward £5,155,000 
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Table B.— Estimated Expenditure for Completion— continual. 


t. 

Brought forward 5,155.000 

w .. i /Isle of Grain, SheemeM, Hoo.and Dnrnet Forts 455.000 

^ ** \Shecniens luml defences .. .. 40,000 

Clmthjuu .. East defence* 70, 01K) 

Dover .. .. CmUo Hill Fort, Dover Castle, Western Height! 801,000 

Cork .. .. Spike Island, Carlisle, Camden Fort .. .. 189,000 

6,100,000 

Incidental expenses, work*, and experiment* 165,000 

Land*, including all legal and surveyors’ charges .. .. 1,115,000 


Total £7,470,000 


And if turrets and turn-tahhtf Is* provided, as recommended by the 
Fortification Committee, probably 270,000/. in addition. 


A further summary of the cost of those works given in the * Report of 
the Committee appointed to inquiro into the Construction, Cost, Ac., of the 
Fortifications,’ I860, gives a total of .. £7,051,437 


Table C shows the Number op Heavy Rifled Guns required for the Armament of 
Sea Batteries erected, or in course of erection, under the Loan for Defences. 




Description of Gun. 


12" Gun. 

10" of 

9- or 

1" of 




‘25 Ton*. 

18 Tono. 

12 Ton*. 

61 Tods. 


Horse Sand Fort 

10 

24 

25 



No Man's Land Fort .. 

10 

24 

25 



Spit Bank Fort 

4 

9 


6 


St. Helen's Fort 

4 

6 


4 


♦Puckpool Mattery 

Hatherwood Battery 

4 


4 

3 

Portsmouth . . 

Warden Point 



4 

4 


Cliff End Batteries 



20 



Sundown Fort 



18 

10 

- 

Snuthsea Batteries 

i 


22 

9 


Gillkieker Buttery 

5 

17 

5 



♦Hurst Castle 

0 

.. 

01 



^ Noodles 


•• 

2 

4 


Bovisand Battery 


14 

9 



Plymouth Breakwater Fort 

4 

18 



Plymouth 

Piekle&ombc Battery 

Mount Edgcumbc Battery 


19 

19 

7 

4 



5 


21 



i Fort Stamford 



7 



Stack Rock Fort 

6 

16 


7 


South Hook Fort .. 



5 

15 


Hubberstone Bottery 


1 

11 

15 


Popton Battery 


1 

13 

14 

Pcmbroko .. 

Clmpl Bay Battery 

St. Catherine’s Fort 



6 

3 

8 


Proud Giltnr Mattery 




2 


East Moor Battery 




4 


Trement Battery 




5 


k Freshwater West Battery 




4 


E. Verne Battery 



27 


Portland 

1 Portland Breakwater Fort 


14 

15 



Nothc Fort 


6 

4 

.. 


Conlhouse Fort 


28 



Thames .. 

Cliffo Fort 

Shnrnemeado 

Slough Fort 


20 

20 


7 


* Puckpool besides mounts thirty 13'* how i tiers. + Six guns in turrets. 
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COAST DEFENCES. 

Table C — continued. 


Nam* of Work. 

12" Hun, 
as Too*. 

Description of (Jon. 

10" of 1 ®" of 

18 Toaa I 12 Tuns. 

rof 
6| Tons. 


/ Grain Fort 


11 

4 



Grain Battery 


.. 

10 



Garrison Point Battery 





Medwny . . . . | 

Hoo Fort 



11 



L>arnot Fort 



11 



*Queenshorough 



2 



1. Cheney Hock 


.. 

2 



Spike Island .. 


4 

12 


Cork .. .. 

Carlisle 


4 

3 

12 


Camden Fort 



8 

6 


General Total . 

.. 89G 



• Two iruru in turrets. 


Fig. 2016 whowa a gonoral plan of tho defences — coast and inlaud— of Portsmouth, Spithoad, 
and Isle of Wight. 


2014 , 



KEKEHLNCES. 



Land Defences. 

11. Fort Gomer. 

12. Hilsea Lines. 

y. Puckpool Battery. 
10. Hembridge Fort. 

21. Fort Monckton. 

22. Blockhouse Point. 

1. 

Fort Purbrook. 

Coast Defences. 

11. Yarerlaod Battery. 

23. Point Battery. 

2. 


Wldley. 

12. Kcdclitl' Battery. 

24. South sen Castle. 

3. 


SouLhwick. 

1. Needle* Battery. 

13. Saodown Fort. 

25. Lump Fort. 

4. 

„ 

Nelson. 

2. Hathervood Battery. 

14. Atherhcld Battery. 

26. Kastney Fort. 

5. 


Wallingtoo. 

3. Warden Point. 

15. Brook Battery. 

27. Fort Cumberland. 

6. 

, 

Fa re ham. 

4. Cliff End. 

16. Hurst Castle. 

28. Spit Fort. 

7. 

n 

Klson. 

5. Fort Victoria. 

1 7. Cal shot Castle. 

29. Horse Sand. 

8. 

M 

Brockhunt. 

6. Goldcnhill. 

18. Browndown Battery. 

30. No Man’s Fort. 

9. 


liowncr. 

7. Freshwater Battery. 

19. Stoke Bay Lines. 

31. St. Helen’s Fort. 

10. 


Grange. 

8. Yarmouth Battery. 

20. Gillkicker Battery. 
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Fig. 2017, plan showing defences of Plymouth as recommended by commission of I860. 



Scale, } in. to a mile. 


REFERENCES. 

1. Breakwater Fort. 7. Polhawn Battery. 12. Saltash defence*. 

2. St. Nicholas Island Fort. 8. K. King and W. King. 13. N.E. defences. 

3. Bovisand Battery. 9. Knatterbury Hill and Maker 14. Staddon works. 

4. Mount Edgcumbe Battery. Heights. 15. llooe Lake Fort. 

5. Pkklecombe Battery. 10. Tregantle Fort. 

0. Cawsand Battery. 11. Scraesdon. 

Fig. 2019, plan of Portland Harbour and its defences. 


Scale, } in. to a mile. 
Reference: — A, Verne Battery. 
B, No the Fort. C, Breakwater Fort. 
D, Blacknor Fort. 
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COFFEE HULLING-MACHINE. 


Fig. 2018 allows tho defences at the entrance of the Thames and Medway. Tho channels will 
bo further protected by obstructions, floating and hidden. 


201 $. 



REFERENCES. 


1. Isle of Grain Fort sod 4. Shecmess Lines. 7. Chatham Lines. 10. Clifle Creek. 

Battery. 5. Hoo Fort. 8. Tilbury Fort. 11. Slioraemeade Battery. 

2. Grain Tower. 6. Damet. 9. Coalhouae Point. 12. Slough Battery. 

3. Garrison Point. 

Bee Armour. Artillery. Battery. Fortification. Gunpowder. Material of Cosrtbuo 
tion. Ordnance.. 

Works tm Coast Defences : — Baron P. K. Maurice, ‘ On National Defence in England,* 8vo, 1852. 
Bir K. Gardiner, ‘Considerations on National Defence,* Svo, I860. 4 Reports of the Defence Com- 
mission of I860,* and that of i860. General Barnard, 4 Notes on Ben -coast Defence,* 8yo, New 
York, 1861. G. I*. Bidder, jun., “National Defences,” ‘Minutes Inst. C. E.,* 1861. Laisnc, ‘Aide 
Memoire,’ edit. 1864. 4 Report of tho Secretary of the Navy on Coast and Harbour Defences,* 
Washington, 1865. Von Scneliha, ‘Coast Defence,’ 1867. Commander J. 8. Barnes, ‘On Sub- 
marine Warfare,* 8vo, New York, 18611. Von Worm bn, 4 Lehrbucli der Kricgs Baukunst.’ Brial- 
mnnt, * Defenses des Ktats.* Straith's 
‘Fortification.’ Bir .1. Burgoyno, 

* Papers on Military Subjects.* 4 Aide 
Memo ire * of Royal Engineers, and 
Professional Papers of same corps, 

Now and Old Series. ‘ Reports of Ar- 
tillery Experiments at Bhoebnryness.* 

Articles on “Our Fortifications” in 
‘The Times.' Captain l'iron, ‘Kssai 
«nr la Defense des Eaux.’ 4 Los Ports 
Militaires do la France,’ j«»r MM. 

Eymen, De Boro, Hebert, Douche t et 
Calvet, 8vo, Paris. 

COFFEE MILL. FlL, Moulin a 
caff; Gf.R., KaffcanuhU ; Ital., Mad- 
neUo ; Stan., Mol i no tie caff. 

See Mills. 

COFFEE-HULLING MACHINE. 

Fr., Machine afgrener Us grains de caff; 

Geb., Masckine sum schdUm der Kaffce- 
hohru 7i ; Ital., MaccAina da sgusciart il 
caffe; Span., Maquina para descascarar 
caff. 

Sections of A. Angell’s Coffee-hulling Machine ore shown, Figs. 2020, 2021. The coffee is fed 
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in through ft hopper I, and passe* between the roughened surfaces of a hulling cylinder B, and the 
serrated spring strippers 1). During this operation tlio hull or husk is effectually separated from 
the kernel. 

Referring to Fig. 2021, it will 1 k> seen tlmt the strippers D are arranged sole by side, ono in 
advance of the ether, in ft series, within a Imllow lid C, to which they are see liras 1. The lever 6 
serves to regulntc the pressure on hulling cylinder B, and the machine is operated by tho cog- 
wheel G gearing into ft pinion H. Sec Gix. 

COFFER-DAM. Fit, Hutanlcnu ; Oku., Fitngdanm ; ItjlL., i)ya ; Turn; Span., Ataguia. 

Sec Dams. 

COG-WIIEELS. Fit, Roues drnkVl ; Gun., Zahnrdtler; Ital., Route dentate ; Si’ AX., liuexln 

dent ada. 

Sec Gearing. 

COHESION. Fa., Cohfsian ; Gen., Cohesion ; Ital., Coesione ; Span., Cohesion. 

See Materials ok Constri ction, Strength of. 

COIL. Fr., (Hrne; Gnt, Aufgesehossenes Tau; Ital., Rocchetto (Tindazione ; Span., R<hina. 

Elect ro-m/ tgnet ic fiuiuction . — Au induction coil has an influence by which nn eloetrio or galvanic 
current produces magnetic polarity in certain bodies near or round which it passes. 

Magneto-electric Induction is the influence by which a magnet excites electric currents in closed 

circuits. 

The Intuction Coil of J. Kidder, Fig. 2022, constats in arranging the fine insulated wire which 
composes the helix or helices, U, O, used n m. 

upon a magnet 8, G, for obtaining an induced 
current or currents, cither wholly or in 
greater ouantity at or near the centre of the 
length or the magnet, or what is termed its 
neutral portion, in combination with tho 
arrangement of the inner or primary coil S, 
and its coro of soft iron G. The said helix or 
helices are made adjustable upon tho magnet 
between the poles of S, D, and the so-called 
neutral portion thereof, for tho purpose of 
varying the power of the induced current. 

S,G, D, is securely fixed to tlio Imse T. See Boring and Blasting, p. 573. Telegraphy. 

COKING OVEN. Fa., lour a coke; Gkr., Codaofen; Ital., Fomaoe da arso; Span., Homo 
para barer coke. 

Sec Ovens. 

COLLAR. Fr., Crapmuline ; Ger.. Spur -rim} oder Spurtcheihe ; Ital., Colhre ; Span., Anillo. 

A collar is a ring-like part of a machine, used commonly for restraining irregularity of motion 
or for holding something to its place: as tho collar of a pomp or steam-cylinder, which is a plate of 
metal screwod down upon tho stuffing-box, with an aperture through which the piston-rod {losses; 
the collar of a shaft used to prevent the shaft from shifting its place endwise, and the like. 

A collar-beam , or collar, is a horizontal piece of timber connecting and bracing two opposite 
rafters. 

COMBING MACHINE. Fil, Peifjneuse ; Geh., Aiunm Maschine ; Ital., March ina da pettinare. 

Sec Flax Machinery. Wool /- working Machinery. 

COMPASS. Fr,, Roussotc; Gek., Compass ; Ital., Bunola; Span., RrUjula. 

A oomnasa is an instrument consisting essentially of a magnetized needle turning freely on a 
point, used to determine horizontal directions, in reference to the north find other cardinal points. 

An Azimuth compass is one constructed like the M< iriner's, except that the card is accurately divided 
into 300°, aud the instrument is furnished with two sights, and has a motion in azimuth. It is 
chiefly used to note the actual magnetic azimuth, from which is determined tho variation or 
declination of the magnetic needle. 

The Mariners compass is one which has its needle jicrmanently attached to a card so Hint both 
move together. The card is divided into thirty-two parts or points, called also rhumbs, and tho 
glnss-covered box containing it is suspended in gimbals, in order to preserve its horizontal position. 

A Surveyor's compass is one having tho needle suspended by itself, and with a graduated circlo 
of 300°, on which the needle indicates the angle between a given direction and tho magnetic north. 
It is also furnished with two sights. 

Variation compass, one of delicate construction employed in observations on the variations of tho 
needle. Sec Compasses. 

COMPASSES. Fr., Cvmpti; Gek., Zirhel ; Ital., Compass*; Span., Compos. 

A compasses U ft simple instrument for describing circles, measuring figures, find soon. It consists 
of two, or rarely more, pointed branches or legs, usually joined at the top by a rivet, on which they 
move. 

Compasses used for drawing purposes admit of mfttiy refinements, and vary in construction in 
many ways. With draughtsmen tho first consideration is a perfect joint, of the making of which 
there are two distinct methods, one adopted pretty generally on the Continent and sometimes in 
England, called the low; joint, and the other tno sector joint. In the long joints, the head extends 
some distance down the body, as shown in Fig. 2023; conse<|uently, with the closing of the com- 
passes, a larger amount of surface comes continually into action, producing much greater friction 
and stiffness when the instrument is nearly closed than when it is wide open. This is the fault of 
tho joint : its only merit is that it requires little skill in making, as it admits of fitting up if the 
work has been commenced improperly. It is universally used for common instruments, for which 
it answers very well if properly made. The other form of joint in use, technically called the sector 
joint , Fig. 2024, is now made to all compasses with any pretence to good quality of workman- 
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»hip. In this joint tho working surfaces arc of circular form, equally distributed around the 
centre : consequently, the compasses move with equal pressure whether nearly closed or wide open. 
It is not necessary to screw the centres of sector-jointed compasses tightly, n« the surface* are not 
required to come in i>erfect contact — for this reason, that after tho sector joint is made, tho work- 
man lubricate* between tho joint with hot beeswax, which aids in producing that jteculinr dead- 
ness in movement so much esteemed in tho sector joint. If the joint lx* made true tho wax will 
never leave it, Tho writer has parted sector joints which have had twenty years of constant wear ; 

am 


o' 




Long Joist 

With regard to compasses with changeable points, there are two ways of fixing the points to 
the compasses : in ono manner by an angular pin which fits into a socket and is secured by a screw, 
and the other very much better plan of a cylindrical socket opened on one side, so that it forms a 
spring. In tho first plan tho screw is alwnys slipping its thread or getting lost. Tho opening legs 
of Drawing compasses arc occasionally made of tubes ; these are termed Tubular compasses. These 
have inner tulies, or, what is better. Bolid bars, fitted telescopically, which extend tho legs to take 
higher radii if required. With tubular compasses, tho [mints turn on an axis, so that there are no 
loose pieces; these kind of compasses arc preferred by many mechanical draughtsmen. A smaller 
kind of compasses, termed bows, have a handle above tho head joint. In the common English con- 
struction of this instrument the opening joint is placed very near to the centre of the instrument. 
This is obviously wrong ; the opening joint should be placed as near to the top of the instrument as 
is consistent with allowing just sufficient length to form a handle. The hollowB are better placed 
sloping inwards than outwards. In compasses. Figs. 2025, 2020, of a superior class, the [mints of 
which are made to carry needles, Stanley, of (»reat Turnstile, Holborn, has made improvements 
which are said to obviate the goneral shakiness of thaw points. Instead of splitting the point down 
in the English fashion, or boring a cylindrical hole up the point, in the Continental fashion, to con- 
tain the needle, in the new plan a conical hole is bored from the linck of the point, so that when the 
needle is pressed into the hole it is wedged sufficiently to hold it firm. Tho back of the Dcedle is 
secured by a cross-bolt, which holds the needle more firmly than it is held in any other plan in use. 
Stanley also makes another point, especially for tracings. In this point the needle is pressed for- 
ward by a soft spring, so that it merely biteeHhe surface of the paper sufficient to make a circle 
without entering it in a perceptible degree. This is a very useful point for tracing from old 
drawings with large centre-holes, or in a general way for a draughtsman with a heavy hand. 


2034. 



Sector Joint, 


the wax appeared the same in quantity as when first introduced, 
although it was blackened ; the amount of wear on the plates not 
having been sufficient to tako out the fino file-marks which were 
left in making the joint. This is a peculiarity of the sector joint 
which no other joint possesses. 

Tho sector joint, to attain perfect movement, should be tight- 
ened aud loosened as little as possible, thus allowing it to fonu its 
own surface. Care should be taken that no oil gets upon the 
joint, os it sjieedily dissolves the wax and spoils tho joint. 

The method of trying if a joint is perfect is to open the 
compasses until they are in liue, and then to close them again 
very slowly, noticing if equal pressure is required at all open- 
ings ; this will test the evenness of the joint. Another im|iortant 
consideration is, that the centre should fit perfectly; to examine 
this it will be necessary to tako the compasses about half open, 
and close and open them alternately and quickly for as small a 
distance as possible, as it were to feci the joint. In doing this, 
if tho centre should not fit, a slight jerk will be felt immediately 
after commencing to open or close them. Impro[>erly-niade sector 
joints are worse to work with than improperly-made long joints. 



Beam Compattes, Fig. 2027. — These are distinct from those described above, in having no joint; 
tho distance between the [iointa being obtained by a [wir of beads sliding on a lath or beam. Tho 
points are made plain, or for ink and pencil, as hi the ordinary drawing compasses. 'Hie general 
method of fine adjustment is by a screw at the end of the beam which is made to carry one of 
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the heads with its motion. A. Strange has introduced a new adjustment in these beam compasses, 
now being used in plotting the survey of IndiA. This is shown in Fig. 2027. It consists of a 
point with a socket joint fitted into the end of the beam compasses. The point, after U*ing pro- 
perly ground to its socket and fitted with a milled head above, is bent below the socket, so tliat the 
point is made an eccentric. In taking a distance off with this beam, after clamping the movable 
head as nearly ns possible to the distance required, the milled head is slightly turned either way, 
and the poiut’bmught exactly to the position with great precision and case. 

Reconnoitring Compass ^ for the use of military men, travellers, geidogists, tmd so on. — Every traveller, 
when exploring n new country, should be provided with a portable compass, to find his way when 
the sun or the stars are not visible. Such an instrument, to be complete, should be capable of 
being used in the hand, as well as of being placed on a stand, for the purpose of observing hori- 
zontal angles. Wo ought also to be able hi place it upon a board M, Figs. 2028, 2020, for tho 
purpose of sotting it, by means of notches <1 in the centres of the squares of the plane. # 

The compass which we give appears to satisfy all these conditions. As usual for this kind of 
instrument, it is in the form of a watch ; it has a small pendulum P for observing vertical angles. 
The following are the additions which have l>ccn made to it : — 

1. A small flat piece A 6 has been fixed to one side; the use of this part is to observe horizontal 
or vertical angles. For these latter angles it offers special advantages when the observer wishes 
to take inclines which do not reach the eye, as in the case of the profile of a distant mountain. 

2. The bottom of tho compass lias been provided with a female screw C, Fig. 2028, for the pur- 
pose of fixing it to a table by means of the screw d, or to a stand by means of the movable rest T', 
Fig. 2030, similar to the one described for Burel's level. They aro affixed to the compass in tho 
same way as a key to a watch. 

3. A small reflector A, quicksilvered half upon one face, half upon the other, and turning upon 
a hinge F, Figs. 2028, 2029, is fixed to the ring of the oompn&s. This reflector serves as a limb 
when the instrument is placed upon a stand, or even when held in the hand. When on a stand, 
dipping or descending angles are observed on the upper Bide of tho reflector, and ascending angles 
on the lower side. 

When held in the hand, the eye, being situated above the limb to observo descending angles, 
may at the same timo read the degree marked by tho needle ; but in the case of ascending angles, 
the eye, being situated below the compass to see the opposite side of the reflector A. cannot seo 
the degrees. To remedy this. Captain Hoasard quicksilvered a portion A' of the glass of tho 
compass. By this means we may see the image of the eye in the reflector A', and make it coincide, 
in the same vertical plane, with the image of tho object observed reflected by the reflector A. 
When the planes perpendicular to A and A' coincide, they form a plane perpendicular to the hinge 
F, and consequently a new reflecting limb, whjch is Bueh that, the point observed being situated 
above the eye, the eye may at the Bame time be situated above tho compass, and thus read tho 
degrees marked by the needle. A small flat piece of mica adapts! to the extremity of the com- 
pass-needle, enables the observer, by inclining it a little, to apply friction to the limb, and so arrest 
its oscillations. 

The reflector A, being quicksilvered on both sides like those of Burel’s level, the oompAos may, 
in a case of need, be transformed into a level. For this purpose it is sufficient to apply a screw to 
the reflector to regulate its vertically when the instrument is suspended by the cord H H, Figs. 2928, 
2029. Tli is cord, passing through in H to the opposite side of the compAss, allows it to be sus- 
pended for the purpose of takiug directions in mines. This compass costs 55 francs. 

Field-glass rrith Support and a Micrometer for determining distances. — Having procured a level and 
a compass, a third instrument not less useful is requisite : this is the field-glass, not merely for 
distinguishing distant objects, but for determining distances by the addition of a micrometer at 
its focus. Those are most portable and clear which reverse the objects ; this is a small inconveni- 
ence for those who are accustomed to such glasses. A small micrometer, engraved upon gelatine, 
in which the millimetre is divided into 8 or 10 , is sufficient to determine distances with tolerable 

ff 

accuracy by means of tho formula X = — <p x 100, in which X is the distance from the object to 

the object-glass ; H tho size of the object; h the number of divisions which it intercepts upon tho 
micrometer ; $ a constant coefficient, determined by experiment when X, II, and h are known. It 
is the focal distance of the object-glass, measured in parts of the micrometer. Tho formula 

X = 5 <p x 100 is engraved upon the cover of the field-glass with the value of which varies from 
A 

11 to 12 . 

We And also upon the cover another formula X = 7 ,—^— r relative to the case in which, II 

A — A 

being unknown, two successive observations, A and A‘, are made at a distance a c from the object. 
The divisions of the micrometer are marked in fives by a small liar, for ease in reading; Fig. 2031 
represents the appearance of this micrometer. There is a horizontal and a vertical one, enabling 
the observer to uraw upon paper divided into squares the portion of the landscape comprised in the 
field of vision. 

In order to make a careful observation with the field-gloss, we must be able t<» fix it. This is 
easily effected by means of a gimlet fixed to the rim by a hinge movement like that of compass- 
heads, Fig. 2032. 

Burel’s Reflecting Level. — The advantages |>n«sossed by this instrument are : — 

1. The simplicity of its construction and rectification. 

2. The length of its line of sight. 

3. The readiness with which it may be used, even in the hand without a stand to rest it upon. 

4. The smallness of its size. 
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Description of the Instrument . — Tin* principle upon which this level i« constructed is this, namely, 
that the line A A, Fig. 2033, which joins the centre of the eye and the centre of its reflection, is 
horizontal when the reflector is vertical. H 

The instrument consists of a reflector B fixed in a small pendulum C. which naturally retains 
the vertical position by turning about the horizontal axis I>, l»y means of a single piece of ribbon. 
A lid E,'Fig. 2034, fitted to the tube F. shuts in the instrument and protects it from the wind. An 
aperture K K in the tube F allows the reflector to be seen ; this aperture is closed by turning a 
second tube G. A stopper H closes the tube F at the bottom. 

To use the instrument, withdraw the stopper H, open the aperture KK, and looking into the 
reflector, bring the image of the eye-ball upon its edge, so as to make it coincide with the object 
towards which the operator is looking. 

When great accuracy is required the instrument must be placed on a stand. The results thus 
obtained have been equal in point of accuracy to those given Jby the spirit-level. [A result 
established from experiments made at Lyons by order of Lieutenant-General Kolmult Ue Fleury, 
who was the first to conceive the idea of applying the principle of reflection to levels.] 

When nn approximative value is sufficient, the tube may be held in the liand. 

These levels were first constructed with a double suspension ; it has since been discovered that 
one is sufficient. They also hope in the middle of the reflector a horizontal line; this line was 
found to be emliarrossing, especially when the instrument was used in the hand; it necessitated 
the holding of the image of the eye upon it, which was always a difficult operation; many forgot 
it, looked only upon this horizontal, ami thus obtained an inrlined line of sight. 

Iiectifiaitti/H of the instrument . — The reflector B, Figs. 2033, 203’>, is quicks il vend, half upon one 
side, half u | ion the other. It follows from this arrangement that the instrument is reversible, and 
that, if it is properly set, we ought to obtain the same result by usiug either face of the reflector. 
This arrangement renders the rectification of the instrument very easy, and enables us at any 
moment to verify its adjustment. When its adjustment is not comet, it may be rectified by means 
of the screw L which presses upon the reflector and changes its inclination. 

This mode of rectification supposes the two faces of the reflector parallel. 

Measnriiyi ami Tntcing Inclines . — To render the instrument capable of measuring nr tracing inclines, 
n rod J furnished with a heavy head I is introduced into the holcM in the (icndulurn 0, Fig. 2033. 
The reflector thus assumes nn inclined jmsition, and the trigonometrical tangent of the angle of 
inclination sought, is proportional to the distance from the centre of gravity of the weighted rod to 
the reflector. 

The division of the tnhe J is founded upon the following demonstration, due to GouHer. 

A heavy rod () P, Fig. 203d, is suspended at the point O. Its centre of gravity is at A. Under 
the action of weight, this rod is vertically in ciiuilihrium. 

Suppose at tho point A, at right angles w ith O P, another rod A B fixed to it in any manner : 
suppose the centre of gravity of this second rod nt the point B, what will be the (mention of equi- 
librium of the system? 

Let pp he tho weights of the two rods applied at the points A and B ; their resultant p 4- p' 

passes to the point G of the line A B determined by the relation • 

A G p 

The system, under the action of the force p +• p\ will turn about the point O, until G has 
arrived at C¥ upon the vertical passing through the point O. 

Let us now determine the angle <p. 

w . , . ... G B + A G p 4- // A B p + p‘ 

We deduce from the relation — = - — — , or --- = - — ~ . 

AG // A it p 

Now AG is the trigonometrical tangent of the angle *, therefore AG = R tan. A, whence 
AB p' 

V+17- 

But rz - 1 - — r is a constant quantity K, therefore tnn. A = A B x K ; ton. a is, therefore, 
R (P + />) 
proportional to AD. 

If the red A B be divided into equal parts, we idmll have tho measure of tnn. $>. 

To effi-ot the division of the rod, the tnugent of the angle A must be determined directly, and 
this value introduced into the equation ; from this wo may deduce the number of divisions corre- 
tqsinding to this particular value of the angle. Wo shall theu have merely to continue the division 
upon the rod. 

If now wo wish to tnko the angle of a plane with tho horizon, the red must bo thrust in to a 
greater or less degree; this will cause tho mirror to incline, and when the eye sees its imago coin- 
cide with the object looked at upon the line of inclination, the reflector is perpendicular to tho 
incline. The angle of the reflector with the vertical (the angle tf>) equals, therefore, and serve** to 
measure the angle of the inclined plane with the horizon. 

As the reflecting pendulum is inclined during the observation, the tube F should also he held 
inclined. If the tnbe !>e mounted mi a stand, the stand should be provided with a movable rest T, 
of wood. Fig. 2037. fitted to the tube F ; or of copper, T\ Fig. 2030, fitted to the stopper H. 

■When we have to measure an incline tin* tangent of which exceeds the length of the rod J, tho 


[ cylinder 1 
i tne end of 


must bo drawn out, and the second numbering of tho tube J used. The divii 


to screw it on the side of the screw L, and to introduce the tube .1 into the tube M' on the Name 
side. Ascending reclines are always observed on the face of tho reflector corresponding to the 
•crew L, and descending slopes on the opposite face. If, therefore, after having observed an 
ascending incline, it lie required to observe a despending one, 31' must lx> unscrewed, the opposito 
face of the reflector brought forward, and 31' re-scrcwod on tlio side of the screw L. 

3 T 
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It in obvious that tho axis D mint lie horizontal to enable tho ribbon to which the reflector is 
suspended, and, consequently, the whole system, to turn freely under the action of the rod. It lum 
been found, however, that on holding the instrument in the hand, its weight is sufficient to move 
the apparatus in a vertical plane. Thus we have the required condition of exactness. 

Level reduced to the Reflecting Pendulum amt its Axis , Fig. 2035. — The instrument has been 
reduced to its simplest expression by retaining only tho pendulum C, with its reflector II, and its 
axis. In this condition it is still very convenient to use in the hand, even in taking inclines; but 
it is more exposed to the wind, and it can be placed upon a stand only by means of a screw-ring 
fixed on one side of the stand and naming, on the other, through a little cylinder placed for this 
purpose on tho upper portion of tho level. This little cylinder is not represented in the Fig. 2035. 

Letel serving as a iiunwmetcr. — The base of the tube F, Figs. 2033, 2034, may be easily divided 
at every five degrees, and a corresponding portion of the rest T, Fig. 2037, inlaid with copper, 
serves as a vernier. 

Figs. 2038 to 2040 represent front, back, and side elevations respectively of a mariner’s or 
ship’s «mi|«aas invented by A. Albini; Fig. 2041 is a plan of the same; Fig. 2042 is a plan of 
the under-side of the compfiBs card, and Figs. 2043, 2044, are sections of tho said card ; Figs. 2045 
to 2047 art' front elevations of the mechanism by which tho sliding bar hereafter referred to is 
raised and lowered; Figs. 2048, 2049, are a side elevation and a plan respectively of the said 
mechanism ; Figs. 2500, 2051, are detached jiarts of the same. Tho same letters of reference 
indicate the same parts in each figure. 

2019 . 


A 1 , A*, are the front and back plates carrying the several parts of the compass; O is the com- 
pass card, the position of which is seen in the several figures. The said cart! O is furnished with 
a magnetized bar o' carrying sliding weights o*, o\ by means of which the Imlanee of the card 
can be adjusted as required, o* is a metallic ring affixed to the under-side of the compass card O, 
tho ring being furnished with raised letters or printing types indicating the points of the com- 
pass, the letters or types of tho ring y* being situated under and corresponding to those on the 
compass card O. The said compass card fitted with its printing ring is suspended by and 
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tnrn* on a central pointed support in the usual manner, as represented in the figures. The con- 
struction of the compose canl and its metallic printing ring will bo readily understood by an 
examination of Figs. 2042 to 2044, Fig. 2042 representing a plan of the under-side of the compass 
can! and ring, and Figs. 2043, 2044, cross-sections of the same taken at right angles to ono 
another. Underneath the printing ring o* of the compass card O is a bar It provided with set 
screws r, r, which screws r, <*, by being adjusted as required under the ring o\ prevent the exces- 
sive vibration of the said ring and card. d* is a drum on the axis of the fusee hereafter 
described. Over this drum and the pulleys d 4 , d 4 , an inking ribbon d* passes, which ribbon is 
kept in a state of tension by the said pulleys d 4 , d 4 . One of the axes d>, upon which the 
pulleys d, d, are mounted is fixed to one of the bars d*, aud the other of the said axes is fixed in 
on arm (f which is jointed to the other bar, the said arm <fl being pressed outwards by a spring 
d®, Figs. 2038 , 2030 , The required tension in tho inking ribbon d* is thus maintained. The 
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drum d* is hollow, and constitutes a reservoir for the ink, which ink posses through perforations 
in the periphery of the drum to a strip of cloth with which it is covered. The inking ribbon 
d* is by this means kept properly charged with ink. H l , II*, arc drums situated within the 
inking ribhon d*, Fig. 2038, around which drums a slip of paper A * is coiled. These drums 
turn on the axes A 1 , A 1 , and are steadied by springs A 4 , A 4 . I, is a horizontal cushion situated 
a little below the printing ring o* of the compass card O. On this cushion the strip of paper A* 
is printed. By an examination of Figs. 2038, 2039, tho manner in which the strip of paper A* 
passes over the cushion I and between it and tho inking ribbon d* will be readily seen. .1 is a 
sliding bar having guide-slots j\ j\ working on fixed guide-pins /, j*, Fig. 2039. The liar J has 
a rising and falling motion communicated to it by means of mechanism actuated by the clock- 
work combined with the compass. To the top of the sliding bar J a small pressor bar f is 
affixed. The said presser bar p is situated over tho edge of the type or printing ring o* of the 
compass card, and at each descent of the said bar J presses down the said ring o* upon the ink- 
ing ribbon d* and prints upon the strip of paper A* the course followed by the ship. Parallel 
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with tho pressor bur p is a rod p, which on each descent of the bar J presses upon the inking 

ribbon rf*, and thereby leaves on the paper A* a dot indicating the exact direction of the ship's 

head, the pressure exerted 2^0 

by the said rod p being 

niodemtet! by a coiled spring 

j w . The rising and falling ty/'T- ; ==* 

motion of the sliding bar J L j 

and the feeding forward of I " | 

the inking ribbon </* ami ft u 

strip of paper A* are effected I | Vw T ; I 

at the projM?r times by me- 

chnnism constructed and v J* A 

actuated by clockwork in | I* ° d 4 0 JTL 

the following manner: — B J ~ \ 

is a clock dial for imlicnting (O 4 ']k_j °* ( 

the time, tho said dial being ! I ETJ JS 

fixed to the plate A*; Cia J | ' Jit; hfl / 

the spring or going barrel of V \ ... ^ 

tin* dock; D is the fusee, _ 11 j I * |T ' i v : ' 'ffnl 

which is wound up by a ill . —t: — M " T 

handle d l on its axis. On tU ' I ~ “ u " ■■ 

tho axis of the fusee is the a! , j* I — rf *- 

drum rf* over which tho ink- I ITT d J - ^ p 

ing ribl>on d* is passed. By Irj** I -h | B 

tho motion of the said fusee « J ~j 

the ribbon tP is moved slowly >CJrai P R -i 

over the <1 rum, and n fresh ^L4L t f ^ li 

portion of it is successively ^ I ^ 

brought over a blank por- j|| A S: . -l J 1 

tion of the strip of paper A* ||J 1 V 1 A L R | i ‘ 

for tho next impression of / H. + » 5 j 

the type or printing ring and \ U 1 fb 0; ii 

rod. Motion is communi- , ; .v 11 -j* 4jl |L | h 

entod from tho fusee D by j l -v Yj M 1 If L J 1 . !' 

means of toothed wheels </», ml ’ :: 4 r .M jfff . A j f| UN !• U 

E>. E*, F», F\ and O to an A KJ ■ fJf ? W \ ffi 

axis g\ on which are fixed J |7- pj . : L l |'A ~ : 

a* counter- balance < 7 * end < .r ■ — L| f S w--— 

■ftUed-abaned cam p. The t f ;>: I -T 1 q -,f r{ Jj 

speed of the axis /;* is re- ' gj fc-ir — djp I |' jj 

forded by a fly -wheel 8 _ J*T ' ( L i S j|3 g I 

on a Bhnft «>, on which is ^ 1^ ' I f liiiyemi 

fixed a pinion s* which is ( | Ji 1 jflBi -BJlfll J ^ 

driven by a toothed wheel I I “ ® , 3 |Vd || ! 

< 7 *°. To the axis g l a lever tp, \ I •- * || T 1 || HL ! 

Fig. 20. f »0, is fixed, the end > I •' gF U. q l, 1 

g* of which lever constitutes j I \ I P J _ -J ! !' 

a detent. To the free end O-i I <* E ‘ |H 1 Ittl jl ' i § 

of the said lever <p is a seg- ,• M^Tl ~ C 1 |H Mil ' i i 

mental bar fp, which is fur- “ /UL • J: n| > j'|| 5 

nished with detents <p, p. y \ \ g I IWtHJ “ 

The detents g*, (f, and p, I f’E jAM’ 11 J } S 

operate in conjunction with I ?, gj^I r —r : 9 

the cam L. ns hereafter de- I J u Sr | ^ M S 

scribed. The said cam L I a J I A 

is shown separab ly in Fig. I _j>_. fl ■ ■ ■ ■ 

2051. Above the lever p is l I 
another lever K turning on — * 

an axis A 1 and pressed down r I I I I _ 

by the spring represented. “V III 1 r jjlg J n 

The said lever K is sup- ^ | ] | : ||J 3 • » 

portcsl by an arm A* and cam £ L- 1 ' B'l | WL fF 

p. Tho lower end of the III ITlI _ * L_ 

arm A* of the lever Kis I 1 I I I 1 — ^ I 

turned at right angles, and _ I 1 B 1 I- 1 - 

upon this bent part the 


upon this bent part the cam I c _J 

p acts. The lower end of |J LH 

tho sliding bar J, by which 

the descent of the printing a 

ring o* upon the strip of 
paper A* is effected, is jointed 

to the free end of the lever K. - - 

Thc sliding bar J is raised, 

supported, and allowed to descend at the proper times by tho operation of tho cam p upon the arm 
A a of the lever K, to which the said sliding l*ar J is jointed combined with the operation of the cam 
L upon the lever p. Tho earn L is double-acting, the portions marked /*, /*, having flat faces, 
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Fig. 2051. The said ram 1/ is fixed on an axis P, which carries the seconds* hand of the clock, 
And gives motion by means of a toothed wheel /' to n pinion M, which is connected to a chrono* 
meter escapement N, hy which the motion of the np|raratus is regulated. The toothed wheel P t 
connected with the said escapement X, carries a movable pin P, which once a minute acts on a 
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pin P on the periphery of a wind-tip barrel / 10 , so 
that in case tho “going” or spring barrel 0 is run 
down, the motion of the works is stopped. The action 
of the ports for giving the rising and falling motion to 
tho bar J is as follows : — When the parts are in the re- 
spective positions represented in Figs. 2038 and 2045, 
the sliding bur J is sup|iortcd in its raised position 
by the arm k* resting on the cam g*. At every half 
minute the detent <j* of the lever <f escapes from the 
part P of the cam L by the rotation of the axis P of 
the seconds’ hand, and the said lever g 9 falls from the 
position represented in Figs. 2038 and 2045 to that 
represented in Fig. 2046 by thy partial rotation of tho 
axis g J , upon which the said lever g 9 is fixed, the cam 
g* partaking of the same motion. On the completion 
of the minute the deteut g* of the lever g 9 escapes by 
the further rotation of the cam L from the part and 
the com releases the arm 4* and allows the lever K 
aud Iwtr J to fall, the said parts assuming the positions 
represented in Figs. 2047 to 2019. By the descent of 
the bar J the printing of the ship’s course upon tho strip of paper A 3 is effected, the ring o* of tho 
compass O being depressed by the preaser bar /, and tho rod j n at the same time being caused to 
make a dot on the paper. The detent <f of the lever g 9 having thus escaped from the cam L and 
caused the descent of the bar J and tho printing of the ship’s course, the detent <? of the said lever, 
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which is of slightly greater length than the detent *j®, rests on the said cam L for two seconds, in 
order to defer for that *)*aoo of time the revolution of the cam </*, and thus prevent tho unduo 
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cam L permit# the eratpeof tho detent g 7 therefrom and allows of the further rotation of the cam 7 *, 
whereby tho said cam is brought round to the | toe it ion represented in Figs. 2038 to 2040, and 2046, 
and by acting on tho arm 4* of tho lover K raises tho bar J and lifts the pressure bar p and rod j*. 




Tho lever g B having been brought round with $ - " — J 
the cam <? hi the position Figs. 2038 and 2046, 
the said lover p is again ready to Iks released at — 1 

the proper times by the earn L and cause by its 
action tho descent of tho cam <p and tho oonse- o_L ^ 
qnent fall of tho liar J and the printing of tho * 
ship’s course as hereinbefore described. In 
Fig. 2041 the printing of the ship’s course and 
the centre of the ship’B course at intervals of a minute upon the strip of paper A* is indicated in dotted 
lines. The strip of paper A* is shifted on the raising of the bar J so as to onng a blank part in position 
for the next impression in the following manner : — On tho face of one of the drums ID, ujxrn which 
the strip of paper A* is coiled, is a aeries of pins A 4 , A 4 , one of which pins is acted upon at each ascent 
of the bar J by the pawl p jointed to the lower end of the said har J ; an intermittent rotatory 
motion is thereby given to the drum II*. tho return motion of the said drum being prevented by 
the jiawl j' 4 , which turns on one of tho guide-pins p of the bar J, Fig. 2038. Attached to the pawl 
p is an elbow lever p, by meuns of which the arid pawl p can be thrown into or out of gear with 
the drum II*, as may lie required. The said pawl p is furnished with a catch p which, when the 
said pawl is out of gear, as indicated by dotted lines in Fig. 2038, rests on the bearing Z 4 in which 
the axis /* turns and thus prevents the descent of the sliding bar J. By means of a milled button 
T fixed on an axis t connected by toothed wheels to the motion work of the bands of the clock, the 
said hands may be set as required. Tho parts of the mechanism of the clock which I have not 
described are of the ordinary kind. The whole of the compass is suspended on gimbals 1* !*, to 
allow for the motion of the ship. Instead of causing the descent of the sliding rod J and the 
printing of the ship’s course at intervals of a minute, the clockwork mav he so arranged as to cause 
the descent of the said rod J at other short intervals. In England, tliis coiiqmss is constructed 
only by Elliott Brothers, Ixtudou. 

IMlrg'i Mining- Compass, or Dial, Figs. 2062, 2053, in veil te< I by tho late John Hcdley, and manu- 
factured extensively by John Davis of Derby. This dial pOMC—M many advantages over the 



1. The Dial as an ordinary rigid cue. 3. Arc attached at pleasure, for ascertaining the angle or dip. 

2. Inclined to suit the declivity of a pit. 4. Screw for moving the vernier. 


ordinary dial, inutmuch as it gives an operator all the advantages of the ordinary one, and in 
addition, by its construction, allows longer sights to lx> taken in pits of any declivity, by iucaiis of 
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ft ring moving on centres. This ring;, Fig. 2058, curries the sights, nnd can he mortal to any angle, 
the centre* renmining in ull rases horizontal. To the ring is attached, when required for use, n gradu- 
at'd are, which give* the vertical angle nnd difference for hypothenuse ami bane, A vernier is fixed 
to the horizontal circle for diulling with the fast needle. See Geodesy. Hand-Tools. Surveying. 

CONCRETE. Fit., Ihflon ; Qer., GrundmGrtd ; It A I.., CaJccstruzxo ; Span., Ifomut / tm . 

See Cement. Construction. Lime and Mortar. 

CONDENSER. Fit., Conden$at<ur ; Gkr., Condcnsator ; Ital., Condensatore ; Span., Conrtensadar. 

See Detail or Engines. 

CONSTRUCTION. Fit., Construction ; Ger., Konst ruction ; Ital., Costrvzionc ; Span., Con- 
strvecion. 

This article, placed under what we consider nn appropriate tenn, is designed more for artisans 
engaged in onlinnry building operations, than for civil and military engineers. 

Foundations — The foundation of a building is the horizontal platform, either natural or artificial, 
prepared for carrying the walls nnd superstructure. It roust not be confounded with footimi *, which 
are the base* of w all* made broader to distribute the weight more equally over the foundation ; nor 
with piers, although it is not alwaya easy to define where a foundation ends and where a pier logins : 
in general, all those jmrt* of a structure which are sunk in the natural soil, the conditions of which 
ore therefore different from those parts above ground, are foundations. 

There are three important points which should be considered in all foundations: — 

1st. That the weight to a unit of area imposed upon it should not be more than it and tho sub- 
soil below' it can bear. 

2nd. That it should l>e as nearly as possible homogeneous and equally strong throughout. 

3rd. That the upper surface should be horizontal : if not in one, then in several pianos. 

FonwLitions particularized. 

1. Rock, gravel, and such unalterable grounds. | 8. Filing. 

2. Clay, sand, and such alterable grounds. I 9. Hollow cylinders. 

3. Finn ground underlying soft ground. 10. Foundations in water. 

4. Finn ground overly iug soft ground. i 11. Looec stones. 

5. Soft ground of indefinite thickness. I 12. Coursed masonry and concrete. 

0. Concrete. 13. Caissons. 

7. Fascines. I 14. Coffer-dams. 

JlorA . — It i* generally supposed that rock is a dangerous substratum to make a foundation 
platform from: for it is rarely that rock is found so homogeneous as to provide a large horizontal 
surface without artificial filling in ; nnd it is difficult to make the filling in a* hard as the rock 
itself, which it should be, that the settlement, if any, may be uniform. Also in many cases of in- 
clined strata there is the danger of one part of the strata slipping over the other from the additional 
pressure of the building. 

licwmd, from exjioricnce, recommends that a foundation in rock should never bo less than 
O'* *3 in depth, for security against slipping and detrusion. 

Hnjhcs gives an example of a pier of an aqueduct 50 ft. high, which being founded partly on 
rock and partly on gravel, was split, owing to unequal settlement. 

Grind . — Many consider a sound thick stratum of gravel to be the most secure foundation possible. 
In such cases it is only necessary to sink a little into the stratum, rather more than into rock, and 
to take care that the area of foundation is proportional to the weight a square unit the gravel is 
calculated to bear. When the gravel is not sound, U-snlos the latter precaution, it is advisabh* to sink 
deeper and fill in with nn artificial foundation of concrete or large stones or hard durable timber. 

Smut . — When in thick strata, and not liable to be moved by water or other disturbing cause, sand 
form* a very good foundation ; it is desirable hi sink deeper into sand than into gravel, and to fill 
in with an artificial foundation to counteract any irregular settlement of the sand. When exposed 
to the action of water or any other moving action, however slight, sand is a dangerous foundation 
to trust to, on account of it-* great mobility. 

Ct iii/ appears to he considered an uncertain and troublesome substratum for a foundation, on 
account of the irregularity of its strata, and its action mi being disturbed; for there is a tide iu 
the land as well as in the sea. In consequence of clay’s plasticity and its retention of water, it is 
liable to yield unequally to the pressure of a building, and to move irregularly when exposed or 
cut into: consequently, caro must l>e taken both to spread the structure over a large area of founda- 
tion and to load the foundation uniformly in the course of the construction. Dobson gives examples 
of the expansion of cloy on exposure to air by cutting and also on saturation with water. In tho 
Box-hill Tunnel <3 in. was allowed for the expansion ; and in the Metropolitan Railway the expansion 
of the clay on cutting had to lie provided for in the centering and staging. A bed of clay can bo 
sometimes made firmer by piling or by making holes in it ami filling them with stones or gravel : the 
elastici |y of clay is sometime* so gn at that Kcnuud states that piles are often forced up again by 
the action of driving the neighbouring piles. 

It frequently happens, especially in the alluvial bonks of rivers, that below the soft ground of 
the immediate surface lies a liard stratum, and when the thickness of the soft suj>eratrntum is not 
pent (30 ft. may be considered a maximum for ordinarv case*), a secure foundation may be obtained 
by carrying piles or piers down to the hard ground below and supporting a horizontal platform on 
their Dow. These may be wooden or iron piles driven till they enter the hard bottom ; or piers 
formed by sinking Well-boles through the soft ground and filling them up with masonry, 100*0 
stones, or. Renaud says, even sand, though this lust should only bo used when the superstratum is 
sufficiently firm to resist the lateral pressure of the sand. The tops of these, if piles, may be con- 
nected by beams and plank* forming a horizontal platform ; or if piers, by arches filled in at the 
s|Hindril* to a horizontal surface. Those pile* or piers must be considered as columns fixed at the 
bottom and calculated accordingly, without trusting to the lateral support of the intermediate strata. 
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Firm Ground overtt/iny Soft Ground . — In until i* CUN of alluvial foundations, a stratum compara- 
tivoly firm of gravel or day is found at the surface or m ar it, the substrata In-low that being much 
aofler. In such caw-s, if the weight of the structure is not very great, it i* frequently desirable to 
leave the hard crust uubrokon : hut then the area of foundation should be enlarged, beyond what 
would In* used for the same stratum, if of considerable thickness ; and special care should be taken 
to distribute the pressure equally. Also in these cases the hard crust should lie cut into ns little 
as possible for any purpose; if it is clay there in danger of it yielding by exposure to air mid wet ; 
if the sub-trutuni is sand there is danger of its Ix-ing moved by the action cuuaed by drainage or 
any operations of that kind. consequent on the building. 

Soft Ground of Itvlctinitc Thickness . — When the soft superstratum is of indefinite or very groat 
thickm-**, ami not hard enough to rf.wif the building upon it, by extending the area of the foiinda- 
tion, it must be supported upon piles or piers, carried sufficiently deep that the friction on their 
sides w ill Iks enough to carry the weight. In the cose of piling, they should be closer together than 
in the former case, and the heads of the piles, besides being connected together with timlicr frame- 
work, should Is* surrounded with a mass of masonry or concrete, to distribute the weight and add 
to the resistance. If piers are employed they may be of masonry, sunk in the manner that wells 
are form e< I. and which are used os foundations hy the natives iu Indio, or they may be hollow 
cylinders of iron. 

When the ground is exceedingly soft, there is considerable danger of the pressure on that part 
underneath the building causing that i«rt surrounding it to rise above its original level; to counter- 
act this, as far as possible, the piling or piers should lie extended beyond the area of the foundation, 
and the ground in the immediate neighbourhood should be consolidated or weighted with stones or 
concrete, and as few excavations os possible should be mjnle in the natural soil. It is also necessary 
in these cases to equalize the prt-naure all over the area of the foundation. Is -cause there is sum to 
be a settlement, however small, and the smallest irregular settlement will cause a break in tho 
structure. Equalization of the pressure on the foundation will not, however, prevent an absolute 
settlement, nor a rising in the neighbouring ground, which latter can only lie counteracted by 
piling and counterbalancing tho pressure by weighting the surrounding parts. 

Concrete. — Tin* nature of concrete that should U- used for a foundation depends on the nature 
of the soil it is to be laid in ; the object in all rases Vicing to get os nearly ns possible a homogeneous 
bed under the structure. If the soil is dry. a concrete of sand, gravel, ami as much ordinary lime 
as is necessary to produce a coherence of it altogether is sufficient ; as it is little more than a bed 
of coherent gravel ; but then it must be spread over such an area that it might l*e sloped at an 
angle of 45° from the outside of the footings of the walls, down to the bottom of the foundation ; 
and of such h thickness that it will not be liable to crack under the pressure. For ordinary build- 
ings pmbably from 2 to 3 ft. is sufficient. If the soil is wet, or the building is of great weight or 
special character, the concrete should lx* made of hydraulic lime* and sand and broken stones, iu 
about the same proportions us would lie used in rubble masonry ; that is to say, the lime should bo 
about the sand about and the broken atom* about f. These, however, must be cousiden-d only 
as average proportions for medium hydraulic lime ami ordinary wet soils; the pro|N>rtiun of lime 
must lx? varied inversely as its quality is l letter or worm*, or ns the circumstances are more or leas 
imjx-rtant. In such rases the concrete, if properly constituted and laid, may be considered as u 
solid coherent mass, capable of bearing without crushing the weight the square foot mentioned iu 
recognized tables ns the crushing resistance of different kinds of concrete, a proper coefficient of 
safety being used. The bed of concrete must also be thick enough not to break by transverse strain, 
but so as to settle in one mass if the subsoil yields. These two considerations will determine the 
arm of the bill for the foundation. 

With moderate hydraulic limes and common limes there will be an expansion of the mixed 
concrete, coimquent on the slaking ; iu some cases the lime increases to double its original bulk ; 
this may be almost entirely provided for by ullowing time for the lime to be thoroughly slaked 
before laying the concrete ; iu some caiMtt, however, the lime, or parts of it at least, will take m> long 
to slake, that the process is completed after the concrete is laid, and it is therefore generally desir- 
able to consider this expansion in prewiring the site for the concrete. 

As the principal object in laying a bed of concrete is to form a solid cohesive mass when it 
hardens, it has been sometimes recommended that it should be thrown in from n height to consoli- 
date it ; this practice, however, has the disadvantage of ne|»amting the fine from the coarse particles : 
it is better to lay tho concrete from barrows or boxes on the level of the sib-, and to consolidate it 
afterwards by ramming ; in ordinary foundations, to effect this properly aud to allow tin* lime to 
set, the concrete should lie laid in strata of not more than 1 ft. thick each ; it is very desirable to 
bond these strata into each other in the process of laying, as the joint between two days’ work is 
always a weak part in the moss. In large foundations, or with strong hydraulic lime, it is better 
to make the strata 2 or 3 ft. thick ; on that account, for the same reason, the whole- of oue strata 
should be laid as quickly as {mtssihlo. 

In large foundations in water, a slight coffer-dam is generally made round the area required; if 
then? is rank underneath, the coffer-dam is mode of framework filled in with sheeting; the soft 
ground is then dredged out from the inside of the ooffer-dain, and the space is filled with couercto 
to the height at which the regular masonry logins, which would l>c generally at 3 or 4 ft. below 
the lowest water-line. In this method the concrete is gem-rally lowered into the water within tho 
coffer-dam, in a box with a movable bottom, which is made to open when the box is near the place 
required, and so allow tho concrete to fall gently into its position ; of course, a strong hydraulic 
lime must be used, ami therefore the concrete should lx? luid as quickly as ]Kihsilile iu a mass. 

Fascines. — In soft marshy ground of great depth, a foundation «»f fascines is frequently employed 
in places where suitable brushwood is plentiful, in Holland for instance; and in such places it is 
highly approved of. Its recommendations apinar to be that when carefully made it is elastic, 
durable, aud uniform. 
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Authorities differ as to the heat size of fascine for foundations ; Pasloy recommends 6 in. diameter 
Lewis used them 12 in. diameter successfully, as a foundation fur a 3-gun martello tower at Holletdey 
Buy on the coast of Suffolk, built in 1812. Hughes, U.8., nri that on the Dutch railway from 
Amsterdam to Utrecht, they used two kinds, a saueisson of O'" *4 circumference and a fascine of 
0“'5 circumference. But all agree that they should lie compactly made of carefullv-selected wood. 

When the sward of a site of the (own was removed, preparatory to laying the foundation, speaking 
of the ojierations in Holland, the ground was found so soft, that a 10-ft. rod was easily thrust down 
the whole length of the rod with the hand. 

Extract from Paper by Hughes, UJS. — Jtcscription of the Fascine Foundation of the Embankment of the 
Amsterdam and Utrecht Railway. — The fascine foundation is to bo formed by an under and upper 
framework of hurdle* (eaudseons) 0“’4 thick, with a backing of fascines between them. Including 
the Beooud Inver of saucissons of the under frame, and the first layer of the upper frame, the meau 
depth of the liacking ought to bo 0“ - 5. The eauciemms to be of a uniform texture of straight sticks, 
strongly oonnected together by not less than eight twig bindings for every metre in length. Those 
of the first layer of the under frame to he placed lengthways, in the direction of the rood, at 1 metre 
central interval ; those of the Becond layer at right angles to the first, also at 1 metre central 
interval. The longitudinal smudeeosu to break joint ; the two layers to be tied together at every 
crossing with strong twig bindings. Upon this under frame, which must be well filled up with 
sand to the level of its upper surface, arc to be laid the first course of fascines ; then two transverse 
layers crossing the first at right angles ; and on this a fourth layer, like the first, at right angles 
across the axis of the way, but having the larger ends of the fascines turned to the other side : they 
on^ to bo well rammed together. The packing must have a depth in the centre of and at the 
side O’* ’4. The upper frame, of the same construction as the lower frame, to be placed over it, so 
that the upper layer of saucissons come* parallel to the axis of the road. Througu each crossing, 
stake* aro to bo driven, passing through the hurdles of the under frame. 

The fascine* to be made of sound aud clean willow wood of not loss than three years’ growth, or 
of oak brushwood of not leas than fivo or six years’ growth ; the wood to be straight and cut green 
last season, to be firmly bound with two bindings and well tightened. The length to be 3J to 4$ 
mfetres. 

Piling. — There are two modes in which piles may be used to form a foundation : 

1st. When the soil is soft for a considerable depth ; in which case a large area should be covered with 
piles oonnected together by framework at the top, and so forming one united body, which would 
resist settlement chiefly by the friction of the subsoil against the sides of the piles. 

2nd. When there is a stratum of hard ground below the *>ft ; in which case the piles should be driven 
into the hard stratum and each pile would act as an independent column bearing a certain pro- 
portion of the whole weight, ami resisting settlement both by friction and by its own transverse 
strength. 

1st. Soft ground throughout. — M. Kcnaud says the piles should be from 0™*8 to l*- 2 central in- 
terval, which agrees with the general practice in England ; they should be at that interval both 
ways, that i*, the area should be studded with piles 1 yd. apart both ways ; in England the size of 
piles is generally determined by the size of the logs or balks in which pine timber is sold in the 
market, and which are about 12 in. square on the average ; a pile made of one such piece is com- 
monly called a whole pile; when one such balk is cut into two piles they are called half piles. 
M. Rennud says the diameter should be -fa of the length, and never less than 0”* 18. Mr. Dobson 
recommends the area to be enclosed with sheet piling before the main piles are driven, in order to 
consolidate the ground better ; he says soft clay is too compressible to be well consolidated by 
piling ; it is so elastic that sometimes a pile is forced out of the ground by the driving of a 
neighbouring pile. 

When the tops of the piles are connected by timber, Dobson says the first pieces should bo 
those across the breadth of foundation, and the longitudinal pieces running parallel to the length 
of foundation should be over them : on these latter, planking should be laid to carry the masonry ; 
it distributes the weight better to lay the planking diagonally. When the upper stratum of tho 
ground is very soft, or when the timber framing at the top is fixed at considerable intervals, the 
upper part of the ground should be taken out and filled in with stones, or concrete or regular 
masonry, to increase the resistance of the piles and to form a more uniform platform for tho 
superstructure ; when of concrete, this top filling-in should be about 3 ft. thick for largo buildings 
not excessively heavy. 

2nd. Hard ground l*lo*. — In this case, as each pile resists partly by its resistance to deflection, tho 
diameter or cross-section should be greater in proportion to the length : when the depth is consider- 
able. say above 25 ft., and the weight of the structure is considerable, two or more piles should be 
driven close together and well connected together at top ; the piles should come immediately under 
the weight to be borne, and their number should be determined from that weight, and the timber 
framework at top should be strong and well tied together. It is advantageous in this case to 
arrange tho superstructure of tho building so that it may be ultimately carriisf on piers at intervals, 
and consequently that piling will only be required underneath those piers. It is evidently of great 
consequence that the piles should be quite vertical. 

Various kinds have been used when the piling was of uniform character in straight lines, and 
when labour was expensive. Nasmyth’s steam pile-driver lias been used in England ; it is an 
ingenious adaptation of his steam-hammer ; the steam-cylindcr rests on the head of the pile, so 
that the action of raising the ram tends to drive tho pile down, as well as the fall of tho ram itself. 
Another and more common mode of applying steam is by making the steam work an endless chain, 
which passe s over a pulley at the topoi the driving machine and round an axlo at the bottom ; the 
chain is made so that it lays hold of tho catch of the ram by a self-acting apparatus. It is released 
at any height required in a similar manner to tliat of the crab-engine, and immediately on coming 
to rest on the pile is caught by the endless chain again. 
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The upright pert of the pile-engine must be truly vertical when the pile is to l>o vertical. because 
the ram is guided in it* fall by the two upright*; when the pile is to be driven In an inclined 
tMwition, if the framing of the engine admit* <»r it, the guiding pieces should be inclined noconlingly. 
but if (as is usually the case) the framing does not admit of it, temjx>rary guiding piece* must bo 
laid against the uprights to the slope required, and the ram moat work in them. 

The statical weight which any given pile will support, without sinking, may bo theoretically 
calculated from knowing the effect upon it of a known ram falling a known height. If the weight 
of the ram be tc, and the weight of the pile p, and the fall of the ram be A B, Fig. 2054 and 
the distance through which it has driven the pile be BC; then 
the velocity of impact is v = >J 2 </ A B, and the velocity with 

which the pile and raiu move on together is c, = — ~ t. 

+ p 

Then the weight* te + p have passed through the space B C with 
a velocity commencing with r, and decreasing to o ; therefore 

the accelerative velocity of the motion is ( ^ ^ * r | , and aB 

, . . \ *+P ) 

forces are proportional to the velocities, they generate in a unit 

• 

of time; then g : w + p :: ( ; p :: P being tho 
V w + p / 

pressure which would generate the accelerative velocity, ami, 
consequently, the statical pressure which the pile will bear with- 
out moving farther. 

This calculation is more applicable to pile* which re*i*t by 
the friction on their sides; it is applicable to those which arc 
driven through very soft ground into a hard substratum, hut in 
thi* case, in addition to this calculation, a further one should lie 
made, considering the pile as a column fixed at it* lower end, and 
liable to break by deflection. 

M. Reuaud lias given an empirical rule which will serve ns a 
guide. He says, first of all, that piles of a diameter of ^ of their 
length will cariy 0 k- 5 a millimetre square; thi* must mean resist- 
ance to deflection, or crushing the wood. He also says, if a mm 
of 600 kilogrammes falling from a height of 3* - 6 drives a pile 
0" - 03 in ten blows; or if the same ram falling from a height of l m- 2 drives it 0 n *‘01 in thirty 
blows; then in cither cose the pile will tiear 25,000 kilogrammes permanent statical weight. 
By which it is apparently supposed that the statical resistance varies directly as the square of 
tho fall and weight of ram, and inversely ns the depth driven in by a blow. Ho does not, how- 
ever, place much dependence on his formula, for he recommends a practical experiment to be 
made m each case. 

Parity points out that if a scarp revetment 30 ft. high is built on piles 3 ft. apArt each way, 
each pile will carry about 10 cub. yds. of masonry and about 3 cub. yds. of earth ; and taking the 
former at 160 lbs. and the earth at 100 lbe. the cubic foot, the total weight on one pile will be 
51,300 lbs. 

He also says that at Neuilly Bridge, tho arches of which are 128 ft. span, the weight of 
masonry on each pier is 15,4 17,648 lbs., which is borne by 135 piles. Therefore the weight on 
each pile is 114,20011m. They are of oak, 12} in. diameter and 13 ft. long. 

Also, that Perronet considered that oak piles 9 in. diameter should not be loaded with more 
than 50,000 lbs, ; and if 12 in. diameter, with 100,000 lbs. 

Also, at the Bridge of Tours, one pier which gave way was on sixty-five piles of oak 8 ft. long, 
9f diameter, and carrying each 166^12 lbs., the toe of the pile being in firm soil. 

The tops or heads of wooden piles are generally protected from the action of the ram by an 
iron hoop, the head being cut round for the purpose. The foot or toe of the pile is generally shod 
with an iron-pointed shoe to save the wood. Cast-iron shoes are recommended in preference to 
wrought iron by some engineers, because it is more difficult to make the wrought iron to fit tho 
toe of the pile exactly, which it should do to save the wood fully. The fastenings of the cast-iron 
shoe should be of wrought iron. 

Wrought-iron piles have been generally used in the form of hollow tubes, and the mode in which 
they have been driven in England bn* been by attaching a brood-bladed screw at tho end, and 
weighting the pile when vertical, and turning it by an apparatus at top, and thus screwing it 
into the ground. This method is only applicable in sand or soft soil. The chief difficulty appears 
to be to keep the pile vertical. In the * Minutes of Proceedings of the Institution of Civil 
Engineers’ for 1848, is a description of Mitchell’s wrought-iron screw-piles, as used at tho 
Southend Pier. 

Hollow Cylinders. — As before mentioned, in soft soil of indefinite thickness, or sometimes when 
it is desired to reach a hard substratum, the superstructure of tho building may be supported on 
piers at intervals, the foundation of which consists of hollow cylinder* of masonry or iron, extend- 
ing to tho depth required, and sustained chiefly by the friction on their sides. The mode of 
sinking these cylinders is by excavating the soil from the inside, and allowing them to sink by 
their own weight, in the manner in which the steining of masonry wells are formed. The practice 
appears to have been long in use in Indio, where it is the custom to sink many of these masonry 
wells over the area of the foundation required, and connect them at the top by arches or flat stones. 
Owing to the use of iron, the English engineers have been able to enlarge upon this method, and 
it has become a common method of obtaining foundations for piers of bridges and such structures 
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in water. When they arc applicable, they arc economical and expedition*, and they ran be 
carried to great depths. They are generally made of cant iron, but the largest cylinders are of 
wrought iron. They are generally made of from 5 to 10 ft. diameter, and hi lengths of from 0 to 
10 ft. : probably 3 ft. diameter is the smallest size that could l>e used, and sometimes they are of 
much larger diameter. The soil inside is excavated by hand laliour; therefore in pawing through 
watery soil it is necessary to keep the water out, which is done by forcing into it a pressure of air 
sufficient for the purpose. There must in such cases be an arrangement of air-tight |Mtrtition* 
across the interior of the cylinders with trap-doors in them for the passage of men and materials, 
for the niuii are working, like in a diving-bell, under a heavy pressure of air. M. Itenaud men- 
tions a cylinder foundation at Bordeaux, on the Gironde, a gravelly bottom movable by Hoods; 
the cylinders were 3 m, 6 diameter. There wore 13® *35 of water, ami 7™ ‘5 of foundation below 
that, making a total pressure of 20® • 85. The thickuess of the cast iron was 0™-04. The joints 
were planed, and hml a ring of india-rubber between them, laid in a groove in the joint. In this 
ease the cylinders were forced down by hydraulic pressure. He also mentions a foundation in the 
Rhine at Stmslmrg, consisting of a cylinder of wrought iron, 7 mi tres diameter and 0®*008 thick- 
uess of metal, the depth of water being 11 metres and total depth of cylinder 17 metres. It was 
filled with concrete. 

The centre pier of Saltash Bridge, near Plymouth, rests on a wrought-iron cylinder, 37 ft. 
diameter ami To ft. deep from the surface of the water. The cylinder rests on trap rock, aud is 
filled with granite masonry. 

It is tli»’ general practice to fill the interior of the cylinder with cement nr masonry, so that 
when the irnu is destroyed by rust the masonry column will resist by its own strength. 

Foundations in Mater.— Tho difficulties in making foundations under water, which are added 
to the ordinary difficulties on land, are, 1st. The presence of water, inqiediug all operations; 
2nd. The stratum of mud or gravel generally found on all beds of streams ; 3rd. The danger of 
the foundation being undermined by the current. Thera ora five different methods used for 
making foundations in water, so os to meet these difficulties. 

1st. By piling or cylinders. 

2nd. By throwing in loose stones to form an artificial hank up to the surface of the water. 

3rd. By using a diving apparatus, and building regular masonry under the water. 

4th. By sinking a box or caisson of the size of the foundation roauired, and building inside it. 

5th. By enclosing the area of the foundation in a coffer-dam, ami pumping the water out of it. 

Before the introduction of iron cylinders ami of the use of concrete so extensively, the ordinary 
method of obtaining a foundation for the piers of a bridge was by piliug under the area of the 
pier, ami cutting off the piles as low as the water admitted, and planking over the tom of them to 
form the platform. To prevent the current, increased by the obstruction of the piers, from earning 
away the soil about the piles, a mass of loose stones was generally laid round the upper part of the 
piling; but this was not always efficacious in strong streams with soft bottoms. In such coses 
M. Kenaud recommends that the area of the pier should be enclosed with sheet piling and tilled 
in with concrete. He mentions an example of a difficult cose of foundations in a stream with n 
1**1 of moving gravel, at Moulin*, on the Allier. Three bridges hml been carried away by the 
undermining of the foundations. A flat bod of masonry, thick, and 1 metre below low water, 

was laid on the gravel from bank to bank for a length on the stream of 34 metres, and protected 
above and below stream with a wall. Several of the bridges over the Thames at London have 
given way in consequence of the undermining of their pile foundations by the increased current 
caused by the improvements in the river. Therefore* idling is not used now generally, except for 
long wa- walls and in special cases. 

Low Stones . — By this method masses of loose stone, just as taken from the quarry, ore thrown 
into the water from a stage built on piles over the area of the foundation required, and are left to 
find their own position of equilibrium. It is therefore a method chiefly applicable to breakwaters, 
moles, and such extensive sen-work*. The princi|ial point for consideration is the size of tho 
stones to I** used in the different parts of the work. As the action of waves is greatest near the 
surface, and, according to experiments made in the Gulf of Lyons, does not extend below 24 to 
30 ft. even during hurricanes, tho smallest stones should be placed at the bottom and the largest 
at the top. In forming the foundation* for the wall* of the Basin Napoleon at Marseilles, tho 
French engineers laid down precise rules for these sizes. The stone was a limestone, and they 
divided all that came from the quarry into the following four classes : — 

1st. Bubble, in pieces weighing from 5 to 100 kilogrammes each. 

2nd. Blocks „ ,, 100 to 1300 „ 

3rd. Blocks „ „ 1300 to 3900 „ „ 

4th. Blocks „ „ 3900 „ upwards. 

And the following proportions of each class were used : — 


1st 

2nd. 

3rd. 

4th. 


I 

I 


Dobson quotes from Poirel’s account of a mole constructed at Algiers in 1841. of loose stones, of 
which the minimum size was from 18 to 27 cub. ft., and the general size under 100 cub. ft. It was 
found that up to a level of from 13 to 10 ft. below low water the stones preserved a slope of 1 to 1, 
or 1 height to 1 } base, and above that level they preserved a general slope of 1 to G and 1 to 10, 
becoming flatter nearer the surface ; but that nearer the surface the stoues never rested long in one 
position, but were altered by every storm. 

In building a superstructure of regular masonry ou the top of a foundation of loose stones, it is 
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deiinblfi that thp junction of the regular masonry with the loose stones should be well core red on 
the exposed side to allow for the subsequent movement of the stones. 

The breakwaters of the harbours of refuge at 1'orthind and Holyhead are excellent, and 
remarkable examples of foundations of loose stones in water. 

IfatftU>ir Minority . — In places when- squared masonry is not expensive, or where, from circum- 
stances, it is necessary to have a vertical face to the foundations and walls, tlu* foundation is 
sometimes built up from the bottom in regular masonry, with the help <*f a diving-bell or other 
diving apparatus. It is advantageous, when practicable, that sea-walls should have vertical fares 
(or nearly vertical) to a depth of 20 or 30 ft. below low water, because the waves will not break 
generally in that depth, ami the wall would in that case have to resist only the oscillating action 
of the waves, and not the progressive action. With the assistance of a diving apparatus, the 
process of construction is carried on iu much the same manlier as on dry land. The bottom is 
levelled, and any superficial strata removed, ami the stones are lowered and placed singly; of 
course a strong hydraulic lime must lie used for the mortar. 

Caissons. — lu tills method a larg** ease or box (called a caisson in France, which name, from the 
more frequent use in that country of this method, has also been adopt* *1 in Kuglund), is floated 
over the urea of the foumlation. and sunk bv building the foundation inside it ; as it sinks, tlm 
sides of the caisson an* also carried up sufficiently high to keep out the water, and thus the gn at 
box containing the masonry gradually sinks to the bottom; the liottom must In* levelled and pre- 
pared for it beforehand, with the help of a diving apparatus. The rnift.-mn lias luvti generally 
made of wood, but wrought iron lias been used. Renaud calls it a great flat-bottomed boat, and says 
the method is applicable to deep water. Doth he and Dobson agree that the great difficulty is in 
obtaining a hard level surface for the bottom of the caisson to rest upon. Any soft strata should 
be dredged away : ami if the surface is irregular, a bed of hydraulic concrete should be laid over 
it ; if the natural bed is t*io soft to carry the caisson, piles must driven over the area, and a plat- 
form of concrete or nlatiks formed on the top of them for the caisson to rest on. 

Coffer-dams. — When circumstances require that a perpendicular wall should be built in not very 
deep water — say 20 ft. — and when there is good holding ground for piles, and the area of the 
foundation is not very large, then it is a very efficacious method of obtaining a foundation, to 
enclose the area with a tem|s>rary water-tight wall, and pumpout the water from the interior, anil 
proceed to form the foundation, as if it was on dry land. This temporary water-tight wall is com- 
monly called a coffer-dam, and is generally made by driving two rows of piling, alsmt I ft. apart, 
the piles in each row touching each other, ami the space between being filled up with clay. Iu 
constructing the coffer-dam. a row of what are called guide-piles are driven along the line of tho 
oofler-dam : they are generally made of whole h'mVr.*, and are at. about, 10 ft. intervals ; on the inner 
(or coffer-dam) side of these, two longitudinal timbers are fixed, called \ralc-piecc*, one as low down 
as the water will permit, and the other mar tho top, thus connecting the guide-piles together: 
inside of and close against the wale-pieces are driven wlmt are called sheet-piles, alwmt 3 in. thick 
and of the breadth of whole timbers, driven as clo*e together ns possible. At about 1 ft. distance, 
another row of guide-piles, wales, and sheet-piles is formed, the sheet-piles being on the inner side, 
so that tho two rows of sheet-piles form a long narrow deep trough; from this trough the natural 
mud or sand must be excavated by dredging down to some iiii|M rvioits htrntuin. and must then bo 
filled up to above the highest water-line with an impervious clay, well worked and kneaded into 
its place, which working is generally done by men’s feet : the clay ko worked is commonly called 
puddle. This is a general description of a good-sized coffer-dam, but the dimensions of its purt 
must vary with the size and circumstances of the whole: and it may be made sometimes without 
piling, and sometimes the rows of piles may require additional piles, and braces, and struts, to 
resist the pressure of the water. For w hen the water within the area of the foundation is removed, 
the piles of the coffer-dam will be iu the condition of beams fixed at the lower end, and subject to 
a transverse strain arising from the pressure of the water acting at its centre of pressure. The 
principal jsunts to l»c considered in using coffer-dams are: — 

In soft ground there is danger that before there is anv weight put on the ari-a of foundation, 
it may lx* forced up by tho pressure round the outside of the coffer-dam. 

It is very necessary that the piles should have good hold into a sound substratum. Thera is 
always groat danger of leakage between the liottom of the puddle wall and the natural bed of the 
water: leakage through the puddle is also to be guarded against; WMitilBCS gravel is mixed with 
the puddle hi lessen its tendency to crack, and so leak. Springs of water arising from tho ground 
insiclc the foundation urea should be provided for by draining to a suitable spot ami pumping. It 
is probable that after the water inside has been removed, a pump will have Pi be kept constantly 
at work to keep down leakage and springs. The clay for the puddle wall should be cut small and 
well rammed or punned, as it is called, in layers. 

Coffer-dams have lieen much used in England for foundation work in water, bec&nse it enable* 
tho bottom to be well examined and cArafully prepared for the superstructure. It is an expensive 
and laborious method, because a part of the piling has to be driven from barges, and because of 
the puddling. 

Sheet-piles must be shod and capped similarly to other piles; their toes are generally cut with 
a bevel or incline, forming a point, which in driving is placid next the Inst driven pile, so that the 
pressure against the bevelled part in driving forces the toe close to the last pile. 

Sometimes coffer-dam* are only used to form chores or revetments to tho sides of the area of 
foundations, and the water is not removed : then the soft strata required to lx removed is dredged 
out. generally by hand dredging; and the foundation is formed by putting in hydraulic concrete 
in mass between the rows of piling of the coffer-dam. 

Walls. — A wall of a house has two duties to perform: First, to support the floors and roof; 
seemul, to acrecn the interior from the weather. These two duties should be always clearly distin- 
guished in considering the construction of every wull. For the first duty, it will generally bo 
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sufficient that the wall should consist of piers or columns at intervals, extending in an unbroken 
perpendicular lino from roof to foundation. For the second duty, the spaces between these piers 
may bo filled in a slighter manner, and even with different material, bwause the utmost pressure 
this part of the wall has to carry is that of its own weight, and jiart of tliat may bo frequently 
thrown upon the piers. In ordinary dwellings these two parts are generally united into ono 
common thickness of wall, in which apertures are left for the doors and windows ; but it is not 
less necessary to keep them distinct in the mind, and to ensure that the solid blocks between the 
apertures, which are the real piers carrying the whole weight of the structure, extend in an un- 
broken line from roof to foundation, ami that tho spaces above and below the apertures have as 
little weight to carry as practicable. 

,‘v/uum/ Masonry. — 8 tone walls arc built sometimes of regularly squared masonry laid in uniform 
horizontal courses; sometimes of masonry only roughly squared and laid in courses, horizontal, but 
not regular, and which la technically called Random rubble ; sometimes of rough masonry without 
any courses, but roughly shaped to fit into each other, and which is technically railed Uncounted 
rubble; and sometimes of ruDble faced with squared masonry, and which is technically called 
Ashlar. The choice of either of these modes of building must depend on the material available, 
and tho object of the work. For walls of dwellings the first method is the strongest and most cer- 
tain. With such masonry the mortar or cement should be of a fine description, and only sufficient 
of it used to make a layer between one stone and another, as the main strength of tho wall depends 
on the bonding and mutual pressures of the stones, and the chief object of the mortar is to ensure 
the pressures being distributed over tho surface. 

The danger to be apprehended in stone walls of square blocks is that the blocks will not press 
evenly on tho beds of tneir courses, and so cause fracture of a stone ; therefore stones should not bo 
too long, compared with their breadth. Of whatever the quality of stone, the wall should consist 
of as much stone and as little mortar as possible. 

The courses of such masonry should be horizontal and of eqttAl or nearly equal heights : tho 
horizontal joints in a wall may extend through it, as the pressures are generally vertical, but the ver- 
tical joints should be broken both transversely and longitudinally, otherwise the wall approximates 
more or less to the condition of an assemblage of thin columns. Subject to this condition, it is 
immaterial, as far as construction is concerned, where the vertical joints occur. Rending is the 
technical namo for breaking joint so os to connect the parts of the wall into ono moss as much as 
possible, and where it occurs regularly the stones are called headers and stretchers ; occasionally a 
through bond stone should occur extending through or nearly through the wall. Renaud recommends 
that the length of stones in squared masonry should not he more than four or five times the height : 
and Hoaking recommends tliat the through btnuJ stones should not be very long, but extend only about 
) through the wall, laid alternately from each fhce. Tredgold recommends tliat even through bond 
stones should not be more than three times their thickness in length. As a general rule, the stones 
should be cut with the natural quarry-bed horizontal. 

Rubble masonry, if coursed , is subject to the same general conditions as squared masonry ns 
respects bond and joints. More mortar is necessary, on account of the greater irregularity of the 
surfaces ; for the stone is only roughly dressed with the hammer and chisel, and the stones being of 
irregular sizes, the horizontal joints are broken : therefore the bonding is not so regular nor so good, 
and more through bond stones aro required. This description of walling is, therefore, more suited 
for thicker walls than the squared masonry; it is very effective when the stone is of a highly-strati- 
fied character and cajiabln of being roughly squared without much difficulty. It was much used 
by the Gothic builders, who had a difficulty iu obtaining large blocks of squared stone. Squared 
masonry is tho exception in Gothic buildings, and is used for columns, groins, and such like 
principal parts, the main body of the walls and arches being filled in with rubble in random 
courses. 

Uncoursed Rubble Masonry is the term applied to masonry of unsquared stones, roughly dressed 
to fit into each other, and therefore without regular horizontal or vertical joints. It requires 
higher skill to build such a wall well, than one of horizontal courses, to fit the stones properly into 
each other, and so make the wall as much as possible ono moss of tightly-wedged stones ; therefore, 
it shows a skilful builder to build a dry rubble wall without rnortar ; but uncoursed rubble 
requires more mortar than coursed and of a better quality, for as there is a greater liability in the 
wall to slip over its joints from the vertical pressures, a greater part of its strength depends on the 
resistance of the mortar to shearing. It is a method most suitable with nnstratified stones having 
irregular planes of cleavage, and it should be the object in fitting the stones together to make use 
of those natural planes of cleavage. 

This method was first used in what is called cyclopean or polygonal walling, which, in the 
Mediterranean, was of large blocks dressed to tho form of the natural cleavage, sometimes with 
care, and so fitting closely without mortar, and forming a very strong wall, though expensive in 
labour. Many of the old Venetian walls in the Mediterranean and also Gothic walls in many 
places are built of small stones in this manner. The stones should be of uniform size, with bond 
stones to tie the two faces of the wall together. But the most usual and efficacious mode of bonding 
a wall of this masonry is by horizontal bands of a few courses of squared masonry or of brickwork 
extending through the thickness of the wall and all round the building. Such a method was 
commonly employed by the Romans ; walls of rubble-work, sometimes very rough, sometimes no 
better than coarse concrete, and alternated with bonds of the thin Roman brick, constitute a 
general type of Roman masonry. M. Renaud says the intervals of the courses of bricks were from 
1 metre to 1"*4. 

But the roost advantageous employment of this description of masonry is in revetments and such 
like walls of fortifications. Such walls aro generally of considerable thickness, and have generally 
only one fair face — two favourable circumstances for its use. If well built with stone* of nearly 
equal size and with good mortar well filled in, it offers a better resistance to artillery fire than 


CONSTRUCTION. 


1023 


•qnorod masonry, unless of very superior description. It is necessary in such cases to put a facing to 
the wall of rather larger and more regular stones, and to moke tho exterior face perpendicular, 
in order to avoid the growth of vegetation on it. Itenaud says truly that in all masonry of 
small pieces the bond is not so important as the mortar and tho cure of exocution. 

Brickwork. — If the stones of a wall of squared masonry were obliged to be all of one size, then, 
in order to ensure tho effective bonding in the horizontal courses, the length of tho stones should 
be double the width ; then the stones in one horizontal course would be laid lengthways aud in tho 
next course crossways, or, as it is technically caUed, stretchers and haulers. See Bond. 

Mortar. — Tho mortar and tho workmanship are of more consequence in brickwork than tho 
bricks themselves. If tho pressures on a wall were always exactly vortical, then all that is required 
in tho building would be to distribute those pressures over the parts intended to carry them ; but 
there is almost always a liability of inclined pressures on all walls, and a certain inclined pressure 
on many : hence the mortar is subject to a shearing strain, and much of the efficiency of tho wall 
depends <m its strength and adhesion to the bricks. This is particularly tho cose in walls of forti- 
fications exposed to artillery fire. It is invariably found in cases of breaching brick wallB by 
artillery that the brickwork is shaken for considerable distances beyond the actual rupture, and 
that the line of shake almost always follows tho joints. The line of pressure in this cose being 
nearly horizontal, the only resistance to motion besides the weight of the portion of the wall is the 
resistance to shearing of one or more joints of brickwork. Hence it is especially important in walls 
of brickwork and aonarod masonry so exposed to arrange them in large masses. 

The proper thickness of the joint of mortar in brickwork must depend Bnmewhat on the nature 
of the lime used. If the mortar is equal in strength to the bricks, the joints may be as large os the 
bricks, as was the case in tho old Roman brickwork, the joints of which were fmm 0"*02 to 0 m -03. 
This was partly on account of the thinness of the Roman brick compared with its area. When the 
mortar is inferior in strength to tho bricks, as is generally the cose, the leas there is of it the better. 
Hooking recommends that with bricks 2j in. high no four courses should reach 11 j in., which allows 
less than in. for a mint. He also points out that thick joints of mortar (unless of superior 
description) are more liable to injury by wet and frost, and to cause a greater amount of settle- 
ment in the wall. Tho minimum size for a joint is simply that no two bricks should- touch each 
other. 

The necessity of using clean and moist bricks will be pointed out in our article on Limes 
and Mortars, and also the advantage of using stiff mortar, os compared with the more common 
practice of Grouting, which is tho term used for a very liquid mortar poured over the wall at every 
one or two courses, with the object of filling up the joints thoroughly. Besides the evils of drown- 
ing the lime, and saturating the brickwork, and tempting the bricklayer to use wet mortar and dry 
bricks, it is evident from the foregoing considerations that a wall so built would not have as much 
resistance to shearing in its joints as one well filled up with stiff mortar. 

Secondary Farts . — By tho secondary parts of trails are meant cornices, Btring courses, window- 
sills, chimneys, and so on. 

These are frequently made of stone, although all the remainder of the building may lie of brick. 
The object of a cornice or coping, as far as construction is concerned, is to prevent wet from entering 
in the top of the wall. It should therefore project over the exposed face of the wall, and be 
sloped on the top, and hollowed out on the under-side, to prevent the water fmm running on to tho 
wall ; and it should be itself impervious to water. Stones, when used for such purposes, are 
generally connected together by metal crumps or stone dotrrls. A cornice or coping of brickwork 
should be made of bricks, specially moulded and burnt for the purpose, and set in hydraulic lime. 
The formation of a cornice by projecting courses (or corbelling) is subject to the same considerations 
as in footings ; the pressures ore exerted on the projections in a similar manner, but in tho reverse 
direction, string courses are now seldom used, except for purely ornamental purposes, and for these 
it is only necessary to bed and bond the stones or bricks sufficiently into the wall to give them 
stable support. For constructive purposes, string courses are boudiug courses in the wall itself, 
and should therefore go through the wall. 

Window-sills are more frequently made of stone than any other of those [tarts, on account of the 
transverse strain they are subject to: in order to preserve the horizontal line, the sill is generally 
made in one piece, resting on the piers of the wall at each side, and not on the filling-in part 
between ; otherwise there would be danger of fracture, owing to the unequal settlement of the 
piers ami the intervening part, A window-sill is tho coping of that part of the wall it covers, and 
should therefore be shaped similarly to a coping or cornice. 

If there is no danger of irregular settlement the sill need not be mado in one piece. 

To provide a place for the fire and its flue in each rtx>m in climates where they aro necessary, 
part of the wall is made thicker from the foundation ; consequently, it is desirable to arrange the 
fire-places in the successive stories so as to come over each other. The space required for a grate 
for an ordinary room varies from 3 to 5 ft. wide, and about 1 j ft. deep, aud 3 ft. high, according to 
the size of room and grate : the wall at the back of the grate should be at least one brick thick. 
The sizes of the piers or jambs, as they are called, depend on the number of flues to l>e inserted in 
them ; for the flue of each fire, after being gathered into a throat immediately above the fire, is 
diverted on one side to allow space for the nre-plaoc of the next story above it. A flue, if built in 
brickwork, cannot easily be less than 9 by 4 j in., and as there should be at least half a brick 
between each flue, and one brick on the outside of the outermost flue, the size of the jamb for a 
given number of flues is thereby determined. It is difficult to give precise rules for the arrange- 
ment of fire-places, because so much depends on the grate. The problem is to provide as easy an 
exit as possible for the products of combustion, aud yet not more than they require. This is met 
theoretically by inclining the sides of the fire-place gradually to an opening close above the fire 
and calculated to be just large enongh for the products of combustion ; this part of the problem 
is generally provided for in the grate; it is like the sluice-gate of a water-mill, excepting that air, 
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being bo much more delicate a subRtanco than water, require* much more careful provision for it* 
flow. After pawing through the grab*, it should be allowed to flow into the open air as regularly 
as jiossiblc: there is, therefore, an advantage in having very smooth sides to the flues ; this is 
generally effected by plastering the inside of them with a special plaster to resist heat: it is 
common hair mortar mixed with cow-dung. A much better mode has been lately employed, by 
inserting glazed earthenware pipe* in the wall, which gets rid of the objectionable corner* of the 
brick flue, and of its unnecessarily large size. The large* size of the flue both decreases the 
velocity of Ute stream of hot air, and allows cold air to descend and check the flow of it ; the fluo 
should decrease in size slightly as it ascends. 

Carrying all the flues up together in one stack, or cMmney-brmst, as it is called, is both econo- 
mical, and tends to preserve an equal temperature in them ; for the latter reason, which is a 
mast important one, brickwork is better for chimneys than stonework, llut for the last few feet 
above the n«of. each flue should lx* in a separate stack of its own, and os small as possible, for 
everything that obstructs the wind tends to produce a counter-current in the flue. No two tires 
should lead into one flue, unless they are always alight together, or a down-draught will occur 
probably in the one not lighted. No woodwork should be* built into the dummy- breast or auy 
part of the chimney for any purpose whatever. 

Thickness of Waits . — The thickness of the walls of ordinary buildings, Fig. 2055, is more a prac- 
tical than a theoretical question. As M. Itcnnud points 
out, the theoretical thickness to meet the vertical pressure 
only would lx* very small in any case. The rupture of the 
wall by separation of the joints would almost always take 
place before the crushing of the stone itself, and that 
force should, therefore, bo provided for, or at h ast the 
two must lx* taken into consideration together. With 
squaml stone** the crushing would lx* the most probable, 
and in this cose generally the safe weight is taken at ^ 
the breaking weight. In rubble-work the tendency is to 
rupture of the joints, owing to the irregular pressures; 
the proportion of the safe weight to the breaking weight 
should therefore lx* less. 

M. Uennud quotes the following theoretical rules from Rondclct for the thickness of walls of 
ordinary buildings: — 



For Isolated Walls, 


i = l 2 V / * 


where b = bread till - ,, . . . 

A = height r fwa " in ,n ' lr ™: 

* = weight of cub. metre of masonry. 


This role is evidently based on the assumption that the force acting on the wall i» similar to that 

of the wind, in which case the equation for overturning the wall would bo *. h. b.~ = p.h. 

n m 

where /> = force per unit of area of wind, and n and m are coefficients depending on the circum- 
stonccs in each case. 

For Walls of Houses, Fig. 2056, 

where l = span or distance between opposite side* in metres. 

Which appears to lie bastxl on the assumption that the pressure on the 
w«ills varies a* the span of the roof. The height h in this case is to 1.x* 
taken between the floors or point* of support supposing them to be of 
strong construction. 

He states tin: following to be the usual thicknesses of walls in Pari*: 
they are of squared masonry of limestone : — 


Houses 18 metre* high .. 

Exterior Wall*. 
Mitres. 

■ 1 

Interior Walls. 
Metres. 

Walla tolerably close 
Floors 4 to 5 metres apart 

.} 0-5 

0“4 

nt top 

0-45 

0 4 

Large house* 

O C to 0 8 

.. 0-43 to 0*5 


_J±= 

*//* + h" 



The interior fores of the walls are always mode perpendicular, and the batter or increase is 
always on the outside. 

In IjOodon tlic minimum dimensions for walls of houses in streets is fixed by Act of Parliament, 
in order to provide for the strength ami security from fire of rows of houses with common party 
walls. But these dimensions must not bo taken os guide* for military buildings of a permanent 
character ,* in such buildings it is not safe with the ordinary description of brickwork to make any 
wall less than 1$ brick thick ; and. in accordance with the principle of the Act. an additional half 
brick should lie added to the thickness for every two stories of height. This addition is generally 
made in England on the inner face of the wall, for the convenience of resting die beams of the 
floors on them. This is perhaps a better constructive arrangement than the French one, but it must 
dojx-ud upon the circumstances of each case which is adopted. 

Footings .— In the process of constructing a wall, the maaon or bricklayer first lay* the footings 
on the foundation platform. The footing is an enlarged portion of the wall for the piirpoae of 
distributing the weight over the foundation : it is properly a portion of the wall and not of the 


Digitized by Google 



CONSTRUCTION. 


1025 


foundation, although it is not always rosy to draw tho lino hot worn them. When tho pressures pass 
down through tho centre Of the wall, the footings may project equally on each side; when otherwise, 
tho footings should bo so arranged that tho lino of pressure shall pass nearly through the centre 
of them into the foundation. The size of footings and tho mode of forming tho inereaso to the 
thickness of the wall must depend on tho circumstances and the material. For ordinary buildings 
Tredgold recommends that tno extreme breadth of the footing, when tho subsoil is clay or sand, 
l»o double the thickness of the wall ; if on gravel or chalk subsoil, that its breadth to be that of the 
wall as 3 to 2. 

Supposing tho whole pressuro per lineal foot on tho wall to Ik? equally distributed over tho 
breadth of footing a b, Fig. 2057, then the reaction of the subsoil on the part b c will be equivalent 
to that proportion of the whole pressure, acting upwards ami 
tending to break tho projecting part 6 c about tho section c d, 
which section most bo strong enough to resist that transverse 
strain ; in brickwork it is usual to make tho projection of a 
footing for light buildings f of a brick in every course, and 
for heavy buildings i of a brick in every two' courses. In 
stonework tho proportional projection for a given height of 
course may be greater, according to the relative transverse 
length of tho stono. Tho footings should always be made of 
large stones or of picked bricks, laid in very good mortar, and 
well bonded, with the object of distributing tho pressure as 
uniformly as possible over the foundations. The foundation 
platform should, if possible, lx? In one horizontal plnnc, and 
the footings should oe equal in height throughout tho main 
walls of a building, in order to avoid, as much os possible, irregularity of settlement from unequal 
heights of wall. 

The Damp Count, as it is commonly called, a course of some impervious material to prevent 
the damp rising from the ground through tho masonry into tho body of the wall. It is generally 
placed immediately above the footings, if these project above ground : bnt the damp course should 
be, if pomihle, 1 ft. above the ground. It generally consists of two or three courses of hard-burnt 
bricks laid in hydraulic mortar. A highly-burnt glazed hollow brick is made for tho purpose, the 
perforations being horizontal, so that a current of air passes through the wall at that point. Per- 
forated bricks are liable to crack under pressure. 



Table or the Pressures os the Footings or Walls. 

From Tredgold, Encyclopaedia Britannioa, and RenAtid. 

Tredgold’s Rule for breadth of walls W = \f bd , when bd = area of cross-BOction of part of wall 
under consideration, W = safe weights in lbs. / =s tabular number = $th tho splitting or |th 
the crushing force, in lbs. per square foot. 


Name of Building. 

Vain* of/. 
T REHOOLD. 

Pressure per 
square U. 
T UtlMOLO. 

Pressure 
per square 
centime. 
Hex a i'D. 


lb* 

lbs. 

kilos. 

Pillar of All Saint’s Church, Angers, Fomeaux stono .. 

110.000 

86.000 


Pantheon, Paris, pillar Bayncux stone 

62,000 

60,000 

2913 

Elgin Chapter House, central pillar, red sandstone 


40,000 

.. 

Piers of St. FanTs Dome, London, squared limestone, Port-\ 

„ 

39,000 

19-35 

Piers of St. Peter’s Dome, Rome, coursed nibble 


33,000 

16-35 

Keystone Neuilly Bridge, Paris, Sallancoort stono 

Party Wall, basilica of Constantine, Rome, coursed rubblel 
facet! with brick / 

30,000 

18,000 

24-51 

Falace of tho Chanccllerie, Rome, columns of rez de Chauasees,! 


.. 

34* 11 

squared stone / 

Resistance of stono = 

300 K. 


General Principle* of Wooden Poofs . — Under the head of roofs ore included all kinds of coverings 
of a permanent character to buildings ; lwth the covering itself, which has to keep out tho weather, 
and the framework which has to carry it. 

If the covering is quite impervious, it may be nearly flat; bnt a horizontal beam, or framed 
girder, is not the most economical mode of spooning a large opening, especially in wood. As far ns 
the framework is concerned, it is more economical to arrauge it in one or more inclined planes or in 
a curve ; and as few descriptions of covering are quite impervious or can be conveniently built in 
curves, the inclined planes are the most suitable mode of forming roofs in general. The inclination 
of the planes and the number <»f them must depend on the climate, tho nature of the covering, and 
tho circumstances of tho case. With the same description of covering, supposing it to bo only 
partially impervious, the inclination should vary according to the rainfall and snow of the locality : 
speaking very generally, it may In said to vary Mounting to latitude ; but this would bo too uncer- 
tain a guide for an architect. There must Ihi a certain inclination for each country, at which a 
particular kind of covering will keep out the rain and snow. These inclinations for the English 
climate, for different kinds of coverings, will be given hereafter. 
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Garbet has stated a very proper general principle to be observed in all roof-frame*, of whatever 
inclination, that the numbers of orders of bearers should be as few as pos si bl e . This will be beat illus- 
trated by describing the arrangement of ordinary roofs. When covered with slates or tiles, or any 
similar covering in small flat pieces, the be&rcre immediately under them must consist cither of 
Ijoords extending continuously underneath, or of battens placed horizontally at the interval of two 
courses of the slab's or tiles. These again must lie carried by beams called rafters, placed down 
the slope of the roof at right angles to tiio others. This arrangement Garhet would call two orders 
of liearer* : it is the modi* generally adopted in roofs not exceeding 20 ft. span : each pair of op|xisite 
rafters are generally tied together, either by a tie-beam at their feet or by a cellar-beam about half-way 
up ; from which this lias got the name of the collar-beam roof. 

When tho span exceeds 20 ft, tho bearers would become so largo that it would bo economical 
to introduce an additional order of laborers. Tho ordinary method is to support the common rafters 
by one or more beams extending horizontally beneath them, called purlins, which themselves are 
supported on other rafters bdow them, which latter being placed at considerable intervals, arc much 
stronger, and are culled tho principal rafters. The common rafters rest against a horizontal beam 
standing on the foot of tho princijial rafters, and called a pole-plate, and abut against a horizontal 
ridge-piece at the top: thus they have little strain on them beyond the trausverso strain between 
the purlins. Tho purlins are subject to a transverse strain between the principal rafters. The 
principal rafters are supported by a framework of which they themselves form a jMirt, and which 
varies according to tho sj»an of the roof. This framework is called a roof-truss or a trussed principal^ 
and forms the final and most important bearer of tho roof. For sjians between 20 and 30 ft., this 
truss generally consists of two struts supfiorting the principal rafters half-way down, and meeting in 
the centre, where their combined vertical force is suspended by a vertical rod or post called a king- 
post, to the vertex of the roof. Tho horizontal force at the foot of each principal rafter is carried by 
a tie-beam, which also supports the ceiling, if there is one, and is itself supported by tho king-pn«t. 

When the sjsin is above 30 ft., in order to provide intermediate (mints of support for the prin- 
cipal rafters, two vertical posts, in Buch case called queen-posts, are introduced each with its struts, 
the heads of the posts being connected by a horizontal beam, called a straining-beam, which carries 
tho horizontal strains arising from them. 

The general principle of such trusses is to carry tho strains of tho roofs in such a way os to 
relieve the walls from any but vertical strains. 

Gar bet would call tho above arrangement one of four orders of bearers, namely: — 1. Boards. 
2. Common Rafters. 3. Purlins. 4. Principal Rafters. The usual interval ft >r such “ trussed princi- 
pals" in ordinary roofs is 10 ft., and the interval of such purlins is about Oft.: with those fixed 
intervals this form of roof-frame is applicable to a considerable range of spans. It is evident, how- 
ever, that as the span increases, it will at last be more economical to increase the interval of the 
principals, and to strengthen the purlins accordingly by framing or “trussing” them : and that for 
small spans it will he economical to combine the principal ami common rafters in one, and to dis- 
pense with tho purlins. The span nt which it is desirable to introduce! an additional order of 
hearers, in any such system of framework for constructions, is determined by considerations both of 
economy and stiffness; for, besides tho calculations for tho comparative cost with or without the 
additional bearer, it is necessary to consider the deflection ; and os that varies directly ns the cube 
of the length between tho (mints of support, it may be desirable in some cases, where it is necessary 
to limit the absolute deflection, to introduce an additional order of bearers before tho economical 
limit has been reached. 

The examination of the strains exerted in a queen-post roof will sufficiently explain them for all 
this class of roofs. The boards or battens arc subject to a transverse strain between the points of 
support afforded by the common rafters, which iB made up of the weight of the roof covering aud 
the allowance for pressure of wind (reduced to the vertical direction): they should never have a 
long bearing, as stiffness is very essential in tho bearers of tho roof-covering. Each common rafter 
is subject to a transverse strain between its point of support, and to a longitudinal compression from 
the reaction from the opposite rafter ; the force causing both these strains is that of the weight 
of roof-covering and boards, and pressure of wind bearing on the area supported by the rafter. 
The purlins and pole-plates and ridge-pieces are subject to transverse strains arising from tho 
pressure of the common rafters they cam’, divided proportionally liotwecn them ; the (jole-platc 
also carries tho longitudinal oompressile pressure of tho rafters, and transmits it to the principal 
rafters. The principal rafters are not generally subject to transverse strain, except from their own 
weight, but chiefly to longitudinal compression, because the purlins ore generally placed imme- 
diately over the points of support of the rafter. Thus, at the junction of the lower strut with the 
rafter, the pressure of all that part of the purlin and its superincumbent weight that is carried 
ut that ]»oint, is resolved into a oompressile strain down the principal rafter, and another down 
the strut ; and at the junction of the queen-post, principal rafter, and straining-beam, the pressure 
of that purlin, together with tho vertical strain from the queen-post, are resolved into a oompressile 
strain down the princi|ial rafter, and another along the straining-beam : and at the upper strut a 
similar oompressile strain results ; and at tho vertex, the pressure of the ridge-pieeo and vertical 
strain from tho king-post are resolved into oompressile strains down the principal rafters. Thus, 
the principal rafter is subject to accession* of oompressile strains at these points from the vertex to 
the Foot ; and each (>art of it must be calculated accordingly to resist those strains. Tho struts are 
subject to coin press ile strains arising as above mentioned. The king-jtost and queen posts are subject 
to tensile strains arising from the vertical components of tho oompressile strains. 

The tie-beam is subject to the tensile strain which is the horizontal component of the oompressile 
strain down the principal rafter ; the vertical component of the same being carried by the walls. 
Tie-lieaxns are generally made much larger than necessary to resist this strain only, even after 
allowing for the usual coefficient of safety, because they have generally to carry the transverse 
strain arising from tho ceiling of the rooms below. The beams of that ceiling are generally fixed 
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to the tie-beams, each of which has therefore to carry all thoM beams and ceilings between two of 
the main trasses of the roof. For thin reason the depth of the tic-beam in generally made much 
greater than its breadth. Each of thoso frame*, or trusses, or frame* l principals, an they are calletl, 
ore generally put together on the ground and hoisted into their places in one pieoo. The effect of 
putting the weight of the roof on thin framework will lie to delloct it a little out of its original form ; 
Home of the Isam* will becomo shortened nud soiuo lengthened ; this should bo taken into consi- 
deration in the design of the roof, as it not only throws the strains in different directions to those 
in the original form, but it alters the slope of the roof and may affect the junction of the caves with 
the glitters. 

The ends of the tie-beams generally rest on roaU-phtes or templates, and are sometimes notched 
on to them. The best position For the wall-plate is in the centre of the thickuess of the wall, and 
the junction of the rafter ami tie-beam should come immediately over it ; and the most effectual 
mode of finishing the lower part of the .roof is to allow the common rafter to project over the wall, 
and so carry the rain clear of the building. As the ends of the common rafters rest on the pole- 
plate, the whole pressure from the roof thus falls on the centre of the wall. When a roof is so 
finished, the lower part of it projecting ovor the wall is called the mom; there is therefore an open 
space between every common rafter, which must be filled up to prevent the wind from entering the 
sjiacc Isrtween the mof and the ceiling. This is generally done with woodwork, which is called 
the MMs* hoardityi. In any method of finishing the eaves of a roof, .the ends of tho tie-beams should 
not be imbedded in masonry, or they will b© liable to decay before tho remainder of tho roof. 
When there is a parapet or blacking course above tho eaves of a roof, then either the parapet must 
rest upon projecting courses corbelled out from tho outer face of the wall, or the watt-plato must 
be placed nearer tho inner edge of the wall ; in which latter case the pressure of the roof will 
not coincide with the axis of tho wall. The wall-plato is not unfroqucntly placed close to tho 
inner odgo of tho wall, ami the junction of the tie-beam ami rafter placed on the iuuer Hide of tho 
edge ; a practice which not only has tho disadvantage of directing thu line of pressure out of 
the axis, nut subjects that short part of the tie-beam to transverse strain, thoreby also causing a 
tendency to draw the wall-plate off the wall. 

Tho ordinary method of framing these beams together, so as to send the strains in the direc- 
tions required, will he considered presently; and Tredgold’a rules for calculating their dimensions 
will lie given hereafter. 

FUt roofs are used in countries where there is little rainfall, as in the southorn and eastern 
coasts of the Mediterranean, probably both from their usefulness and economy. The lint roof is 
not only the most simple mode of covering the house — a mere repetition of a floor — but adds 
another story and a garden to it. The following extract from a paper by Sir H. Jones on Maltese 
houses shows the mode of constructing a flat roof in that island : Beams of red pine from tho 
Adriatic, about 10 by 12 in., are placed horizontally across the walls, at central intervals of about 
4 ft. Sometimes a series of arched ribs of stone are built across from wall to wall instead of tho 
beams. On these flat stones of the soft Maltese sandstone, about 4 ft. long, 10 or 12 in. wide, and 
3 in. thick, arc placed, butting close together without mortar; on these a concrete of red argilla- 
ceous earth and small stones, and called “ Forbaf* is laid, with a slight slope on tho upper surface 
to carry off tho raiu that falls; this forho is kept moist and beaten with rammers. When dry, 
there is spread over it a layer of cement 1 in. thick, composed of four parts lime, three parts puzzo- 
lana, or of five parts lime anti three parts pounded earthenware. This is spread in a liquid state, 
and then beaten with rammers and worked with trowels, and kept moist until it has set. The 
beating is done by women kneeling, with hand boards. 

In countries where stone suitable for this purpose cannot lie procured, timber is used instead, 
or a combination of wood beams and flat tiles, or wood beams and concrete of a quick-setting 
cement is used. Asphalte is sometimes substituted instead of cement for the exterior coating in 
this country when flat roofs are made; there is some danger in using it, on account of the expan- 
sion and contraction of tho framework below. It is necessary in all flat roofs to make the frame- 
work very stiff— that is, to avoid any considerable amount of deflection, which would break tho 
impervious coating of cement or asphalte; consequently, it would be desirable to introduce an 
additional order of bearers, or to provide in Borne other way for stiffening the structure at a 
smaller span than in an ordinary wooden floor. For the same object of stiffening the framework, 
it should 1)0 connected with the walls as firmly as practicable ; tho ends of the beams should be 
framed into tho wall-plates or templates, which should rest on the wall as near the centre of its 
breadth as practicable. When a masonry parapet is made round tho walls, great care should be 
taken in the construction of tho open gutters at the sides to carry off the roof-water, and prevent it 
getting into the walls; frequent outlets through the parapet should be provided. Solid stone 
forms tho most effectual gutter ; and next to that, perhaps, a concrete of hydraulic cement 

Gothic nrul Arched Hoofs. — In England roofs are generally made in oue plane from the ridge to 
tho eaves; but in Franco and some other countries, it is common to make them in two planes; 
this is partly for the architectural effect, but chiefly for the economy of gnining an additional story 
in the roof. The general method of arranging the roof is tho same in almost all cases ; there are 
the principal trusses at intervals, tho purlins, the common rafters and hoards ; it is only tho 
framing of the truss that varies. In the principal truss of the Hansard roof (as that of two planes 
is called, from the architect who first employed it extensively in Paris), besides tho main rafters, 
which might be made to balance each other without ties, tbero are tie-beams from each Angle to 
the next But one, and connected together at the crossing ; these ties do not carry the whole hori- 
zontal strain of the roof, like that of the F-nglish truss, but leave a portion of it to be carried either 
by the walls, or by the strength of the bolt and beams nt the crossing of two »uch ties. 

In some of tho old Gothic wooden roofs, the frame of tho principal truss was mado without any 
direct ties, chiefly for the sake of the effect when tho timbers of the roof were visible, but also 
because the high pitch of the roof caused the horizontal strains to be less. Tho principal rafters 
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were generally supported by a collar-beam high up, and at one or two points lower down by ver- 
tical posts resting on the ends of horizontal pieces projecting from the point of support next below, 
the projecting points of junction of these vertical and horizontal pieces being connected by curved 
struts: the series of these curved pieces being carried from the walls on each side up to the collar- 
beam in the centre, they formed an imperfect tic to the roof — imperfect because it depended on so 
many joints, and because, if perfectly jointed, it resisted deflection by the strength of the joint, 
and not by the beam itself. The lowest of these curved pieces, being carried to a point consider- 
ably lower in the walls than the eaves, brought the general line of pressure of the roof to a lower 
point on the wall, and thus reduced tho mccssary thickness of the wall to meet it. Hampton 
Court Palace contains a good specimen of these roofs; those at the old palace at Eltham, and at 
Westminster Hall, are also remarkable examples. 

When the span of a roof exceeds 50 ft, the queen-post roof-truss liecomea heavy, and uses a 
large proportion of timber in the dead weight of the bearers : the polygonal or curved truss is one 
of the forms which has l>een proposed to avoid this ineffective use of timber in very large spans. 
In it a polygonal or curved rib of wood is formed, to which the tie-beam is suspended, and from 
which the purlins are supported : tho curve of this rib should be such that a line of pressure will 
pass through it, thus putting it entirely in compression throughout its length : tho tie-beam and 
suspension-bars will then lie in tension. Dobson states that Philibert do Lorme was one of tho 
first architects who proposed a polygonal rib of wood, which he constructed of two or more thick- 
nesses of plank, the pieces of which were in equal lengths, and their ends abutted against each 
other; each thickness of plank thus forming a polygonal rib; the two thicknesses were bolted 
together. 

Walls of Framed Wont. — Walls of wooden buildings generally consist of vertical pieces, placed 
dose enough together to support the boarding or plastering with which they are covered, and 
resting on a horizontal piece at bottom, commonly called a ground-plait, and connected at the top 
by a vcall-plate. When the ground-plate is supported continuously by a wall, it only performs tho 
part of an ordinary plate — that of distributing tho pressures equally ; and the uprights, or posts or 
studs, ns they are sometimes called, are so many wooden columns, carrying each its proportion of 
the vertical pressure. No piece of quadrilateral framing can be put together so firmly as to resist 
completely some small distortion of shape from lateral pressure ; therefore, it is most desirable in 
every wooden wall, os in every piece of framework, to have some inclined pieces framed into the 
structure, by which the pressures can be resolvable into triangles. These inclined pieces, which 
are railed stmts or braces, are sometimes only battens fastened arrow the studs. The corner-posts 
are generally larger, as they have to witlistand a double lateral pressure. It would make a stiffer, 
though a more expensive wall, if tho studs were placed farther apart, and, consequently, made 
of large cross-section, and an intermediate order of bearer* for the hoards was introduced. In 
America a wall is sometimes made entirely of boards in two or more thicknesses, placed at right 
angles or diagonally to each other. When a wooden wall has to span an opening, as is frequently 
the case in the interiors of houses, in portition walls covered with lath and plaster, it becomes a 
very deep-framed girdor, and should be framed on the principle of the queen-post truss, in which 
the braces would represent the principal rafters, and the top plate would represent the straining- 
beam, and the bottom plate would be the tio-beam, which should be supported from the top plate 
and braces by the vertical studs ; in such a framework the studs below the braces would be in 
tension ; those above the braces in compression. The bottom plate might in such case support 
part of the weight of a floor or ceiling. In arranging the openings for doors and windows in 
wooden walls, great consideration should be paid to tho position of the braces ; the studs on each 
side of the opening should be made stronger than ordinary studs, in order to form the framework 
of tho door or window; and with a careful arrangement of tho braces in connection with these 
frames, these openings may be made to add to the stability of the wall. 

Scarfs. — In all acarfli and joints in woodwork, it is an important principle that the bearing 
parts should have as largo a surface as possible, in order to save the fibres from injury. For the 
some reason, timbers in framework should be cut as little as possible. Also, that the inevitable 
expansion and contraction of the wood should be borne in mind in tho form of the joint. 

The following notes on scarfs and joints are extracted from Tredgold’s Carpentry : — 

1. Longitudinal scarf to resist tension only, such as for some tie-beams, king-poets, and 
so on. 


Fisk- j oinL Fig. 2058. — In this the two pieces of timber abut on each other, end to end, and an 
iron or wooden plate is fastened on each side by bolts passing through the beams; the tensile 
strain in thus passed 

through the lx>lta to tho 201 8 - 

fibres of the timbers. The _ — 
shrinkage of the timbers •<* 

InntM>ns this joint, and the ^ 
pressure op the bolts injures 
the fibre : the total area of 
bolt-sections should be at 
least equal to A the ant 
of the section of beam. 

Indented Scarf, Fig. 

2059. — To determine the 
depths of indents and 

length of scarf, the tensile ~ 

strength of hi- should be equal to the comprcssilo strength of oc and to the shearing strength of 
ed. Therefore, when the compressile and tensile resistances of tho wood are equal, 6 c should bo 
l the depth of the whole beam. 


Fig. V 
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In fir and other straight-grained wood, cd — 1G to 20 cb. 

In uok, iwh, elm, and such woods, _ct/ = 8 to 10 cb. 

In fir, and so on, a scarf with bolts only, the whole length of scarf = G times breadth of beam. 

In oak, ,, >1 ,« ,i ^ = d „ tt 

In fir, a acarf with bolts and indents, the whole length of scarf = 4 times depth of beam. 

In oak, n n n w w — „ 

2. iMnjjitudinal joint to resist compression : as for pillars, struts, and so on. 

F ah- joint, Fig. 2060. — If four fishing-pieces are umnl, one on each aide of the joint, and a piece 
of hard timber is inserted bet wee n the ends of the pieces, to distribute the pressure equally, an 
effective joint can he made without injuring the fibres. 

Indented Scarf, Fig. 2001. — Similar calculations can be made for this, as for tho joint, to 
resist tension: a key or 
double wedge of hard wood 
is inserted at a to ensnre a 
fair hearing; they should 
not be driven too tight, or 
the fibres of the beam may 
bo injured. No bolts or 
plates are required for it ; 
but a tongue or mortice 
and tenon at each end is 
necessary, to prevent side 
shifting, as at c, Fig. 2050. 

Plain Scarf. — This joint 
is to be recommended, os 
it does little injury to the 
fibres, and the bearing 
surfaces are large and |>er- 
pendicular to the strains ; 
but it requires lx 'Its ami 
plates, Fig. 20G1. 

3. Longitudinal joint to 
resit t transverse strain , as 
in some tie-tieam* and girders. — This joint is recommended. Tho depths of indents and lengths 
of scarfs may be calculated os for tensile strain. It is necessary to have a plate over the joint on 
the upper and lower sides, as at a ft, and bolts through the beams ; at d ore the hard-wood wedges, 

Fig. son, 

St raining-beam . — A horizontal beam may be connected with and supported by a vertical beam 
(as in the case of straiuing-hcam* in a roof) in the manner shown, Fig. 2063. 


2060. 



2063. 




Joints. — 4. Transverse joints , horizontal, as in joists, purlins, and all such beams resting on or 
framed into others, and subject to transverse strain. 

Framed Joint . — This is applicable to horizontal beams, which are to be framed in between two 
others, in order to avoid increasing the total depth of the bearers, such as tho bridging of joints in 
a framed floor. A projection is formed on one beam, called the tenon, aud a hole to receive it cut 
in the other, tailed a mortice. The mortice should be cut in the neutral |»art of the beam — that is to 
say, in the middle of the depth. The tenon should Is; as near the bottom as practicable of tho 
other beam. The form in Fig. 2064 is recommended for 
combining theso objects with other requirements in tho 
framework. The tenon is 1 the depth of the beam in 
thickness, and at A tho depth from the lower side. The 
object of the bevelled jiart above, ami of the shoulder 
below, is to strengthen the bearing surface of tho tenon. 

It is almost impossible to make a tenon fit so well into 
a mortice that it will replace the original wood in the 
hole ; and even if it did at first, the shrinking of the wood 
would Boon loosen it. Therefore, double tenons are not 
recommended in carpentry, on account of the difficulty of 
making both of them to bear equally. 

Hatching, Fig. 2065. — When the other arrangements of 
the framing admit of it, it is always better to connect 
two horizontal beams together, which are subject to transverse strain, by notching — thnt is, by 
resting one across the other, and cutting a kind of tenon in tho lower one, and a oorresjionding 
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mortice in tho upper one. There is both a practical advantage In this, in being ablo to use long 
timbers, ami n theoretical one, in getting a better bearing, and in having the upper beams vir- 
tually fixed at each end, instead of merely supported, ns in the former method. 

trow-f ramirujy Figs. 2066, 2007, ns in wall-plates and such 1 teams, whicli have to bo connected 
together ami are not subject to transverse strain. 

The beams arc halted into each other, as it is called, half tho thickness of the beam tx>iug cut 
out of each. Sometimes the form of this halving is dovetailed, as in Fig. 2068, which is objection- 
able, because the shrinking of the timber causes tho joint to become loose? ; for this reason no dote- 
tailcd joints are to l>o recommended in carpentry. The better form for the halving is shown in 
FigH. 2066, 2067. 

5. Trans terse joints, peqtendicular , Figs. 2069 to 2071 ,* such as posts or studs into plates. — The 
object of every system of joints is to reduce all the pressures into tho direction of the axoa of tho 
pieces. 

The ordinary mode of connecting two beams, the one perpendicular and the other horizontal, is 
by cutting two shoulders in the end of tho perpendicular piece, leaving a tenon or tongue between 
them, which fits into a corresponding mortice or hole cut in the horizontal pier. As the only 
object in tho tenon and mortice is to prevent lateral motion, Tredgold recommends a short tenon 
having a thickness of about one-quarter that of the timber. 

It is evidently of great importance that the tenon and mortice should be cut square and accu- 
rately : on account of the difficulty of ensuring this, Tredgold recommeuds an angular-shaped or a 
curved joint, as shown in Figs. 2070, 2071. 

6. inclined joints , FigB. 2072 to 2074; such os princqml rafters with tio-beaius. — The resistance 
of a joint is always most effectual where the abutment one piece rests against is perpendicular to 
tho strain down that niece. ThuB, in the figure, if the strain down the rafter is iu the direction 
cbe, and 6 a is one of the abutting surfaces, then, if <ic be drawn pcr|>endiculnr to 6a, and bd, tho 
other abutting surface, bo made parallel to ac, then in tho triangle of forces a 6c, if be represent 
the whole strain, ac will represent tho strain on 6a, and 6a will represent the strain on 6a: thus 
tho two eomiKinents of the whole strain will be perpendicular to the two abutting surfaces. Tral- 
guld recommends that bd should bo rather more than half the depth of the rafter. There should 
be a tenon at the under-side of the rafter, and a mortice in tho tie-beam, to prevent the beams 
slipping over each other ; the thickness of the tenon should bo about £ that of the beam. As the 
shrinking of the wood, which is sure to occur after the framework is up, will have tho effect of 
lowering the slope of tho rafters, and thus bring a greater pressure about the point a of tho 
joint, that part of the joint should bo left a little o|>en, as shown in tho figure, iu the original con- 
struction of it. 

Tredgold recommends either of the accompanying forms for this joint, in which tho tenon is 
made on tho tie-beam, and the mortice on the rafter ; it has tho advantage of showing the whole 
of tho workmanship of the joint more completely to view than the other method. 

7. King anti Queen Posts , Figs. 2075, 2076. — The upper end of tho principal rafters may bo 
framed into tho king-posts in a similar manner to the lower end into the tie-beam. But in this 
case the joint, when originally made, should be left slightly open at a, as the effect of n settlement 
from shrinking will be to bring a greater pressure on tlmt |»art. Or, the upper end of the king- 
post may bo enlarged and cut with a shoulder at right angles to the direction of tho rafter. In 
both these eases there should be a small tenon and mortice to prevent the beams slipping over each 
other sideways. Tho lower ends of the struts nmy be connected with tho king-] tost by either of 
the above methods; if tho king-post is in two pieces, a very good joint may be formed with tho 
principal rafters, by letting them abut against each other between the two ]xirta of the post, as in 
Fig. 2075, the two jjarts being bolted together above and below the junction. 

The struts and principal rafters may be connected by a joint similar in principle to that of the 
rafter and tie-beam. The purlins , pole -plates , and ridje-pieccs, are generally notched into their 
re«|H'ctive beams. 

The following practical rules by Tredgold for determining the size of the beams in wooden 
roofs, of tho description of framework before mentioned, are based on the? theoretical calculations 
for the resistance? of beams to deflection. He apparently considered that the amount of deflection 
in a framework is of as much importauco as tho absolute strength ; then assuming that for security 
the deflection of any l»cnm ought to vary' inversely as its length, and startiug with some fixed 
arbitrary deflection for a given beam, and assuming that the arrangement aud intervals of the 
beams and the loads upon them are constant, he obtained from these data and his own judgment 
a set of constant coefficients for the different beams for fir wood and oak wood, in terms of their 
dimensions, sj*an of roof, and so on. These rules generally give large dimensions conquered with 
those for absolute strength. 

Principal rafters, assumed central interval = 10 ft. 

j* j 1 6 </ = breadth aud depth of beam in inches, 
d ssO‘96— - </ = length of beam in feet, 

^ { L = span of roof in feet, 

which is virtually tho theoretical equation for a long beam subject to compression in the direction 
of its length. 

Straininq-beam. — d = 0*9 yf t */h, which is also the same theoretical equation, 6 being taken 
< «nstontly as = 0*7 */, which is an arbitrary assumption. 

Struts . — </ = 0*8 y/ 1 *J L, 6 being taken constantly = 0*6 1 /. 

h'inq-ftosts.—bd = 0*12/ L. 

This rule for n beam under direct tendon, is evidently based on the same law that the elonga- 
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tion should be inversely ns the length of beam: and this gives of courso much larger dimensions 
than are required for absolute strength. 

Queen-posts. — 6 d=0 • 27 / L„ L, = length in feet of that jmrt of tie-beam carried by the queen-post. 

Tie-beams . — d s 1*47 — ; /, = length in feet of longest port of tie-beam unsupported. 

* Jb 

This is virtually the some as the theoretical equation for the deflection of a beam subject to 
transverse strain ; in this case, apparently, the tensile strain on the tie-beam is expected to counter- 
balance to some extent the deflection caused by the transverse strain. 

Common rafters. — d = 0*7 /„ = length in feet of bearing between one purlin and another. 

* 

Common rafters should be at least 2 in. thick to hold the nails of the laths or boards. 

Turlins . — d = 4 */l) ; D = distance in feet of purlins from each other. 

b is assumed constantly * 0*Gtf. *in = length of bearing of purlin in feet. 

These two last are virtually the samo as the ordinary theoretical equations for deflection of 
beams subject to transverse strain. 

Hoof Coverings. — The object of all roof coverings is to keop out the wind, rain, and snow, and 
to keep an even temperature inside os far as practicable. 

A roof covering of small pieces is generally heavier, more difficult to keep dry, and requires a 
steeper slope than one of large pieces, but the material itself is cheaper. 

In a roof covering, the crown or meeting of the planes at the top is technically called the Ridge; 
the meeting of two pianos forming a salient angle down the slope of the roof, os frequently occurs 
at the end of a building, is called a Aip, ami such a roof is said to be hipped. The meeting of two 
planes forming a re-entering angle down the slope of the roof, as occurs at the junction of one roof 
at right angles to another, is called a valley ; the lower edge of the roof, where it meets the wall, is 
called the eaves. 

Mates form the most effective and durable roof covering of any stones or tiles. They are used 
all over England from the facility with which they are obtained. The strata of roofing slate ore 
found in all the Silurian series of rocks to which they belong. They are quarried by blasting, and 
are split and cut into sizes at the quarry. As it is convenient to have slates all one size in one roof, 
they are cut to fixed dimensions according to the size of the blocks obtained from the quarry ; con- 
sequently the Inrger slates are more expensive. The best slate for roofing is of a light sky-blue 
colour, and gives a clear bell-like sound on being struck; dark blue ur blackish slate absorbs 
moisture and decays more rapidly. 

The following, taken from llurst’s Tables for Engineers, are the sizes and the technical names 
of the slates in ordinary use for roofing in England : — 


Nina 

Size. 

Gang*. 

No. of Squares 
covered by 
1200. 

No. required, 

Nail* a Square. 

1 Square. 

I run. No. 

Copper. 

Doubles 

in. in. 

12 X 8 

in. 

H 

2-8 

430 

430 

lb* 

5 

,, 

13 X G 

5 

2*5 

480 

4K0 

5} 

Ladies 

14 X 12 

H 

6 

5*0 

240 

280 

3} 

„ 

15 x 8 

40 

300 

300 

3} 

Viscountesses . . 

18 X 10 

71 

GO 

200 

200 

2< 

Countesses 

20 x 10 

*} 

7*0 

171 

342 

4 

Marchionesses .. 

22 X 12 

»1 

9*4 

130 

2G0 

S{ 

Duchesses .. 

24 X 12 

10} 

10 

125 

250 

3 

Imperial 

30 X 24 

13} 

By 1 ton. 
2-5 

48 

9G 

3 

Bags 

3G x 24 

10} 

2*2 

40 

80 

3 

Queens „ 

3G x 24 

1BJ 

2*5 

40 

80 

2} 


The slating of a roof begins from the eaves. The slates are shaped and trimmed on the ground, 
and two holes are punched through them near the upper end for the nails to fasten them to the 
boards or hattens. Slates may be laid either on boards or battens; theso are generally at right 
angles to the last course of bearers, and therefore generally horizontal ; there is leas cutting to waste 
of them wbcu they are laid horizontally ; the boards or battens are seldom less than 1 in. thick, on 
account of the slating nails which have to be driven into them ; battens should be at the utrniwt 
at the interval apart of two consecutive courses of slates. Boards are generally used for important 
buildings, they are stiffer, and keep out the wet and the heat better than battens. The first course 
of slates at the caves is little more than half the width of the other courses ; it is called the doubling 
eaves’ course, and the next course covers it completely, a qiecial Imtten being laid under it to give 
it the same slope ns the others : the second course is called the covering eaves’ course. At the ridgo 
another half-course is laid over the last course. Slating should have a bond or overlap of at least 
2| in., that is, the third course should overlap the first course bv 2} in., and the fourth should over- 
lap the second by the same. Hence, if the overlap be deducted from the length of the slate, half 
the remainder will give what is called the margin or gauge of the slating. At the hips and valleys 
the slab's are cut to fit the required angles. 

For the nails for fastening dates copper is the best material, and is generally used in important 
buildings. Zinc and iron nails are sometimes used, but the former ore not strong enough, and the 
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latter we soon destroyed by rust ; the partial protection which is sometimes given thorn by dipping 
them in boiled linseed oil, does not preserve them much longer, and a coating of tin is an uncertain 
protection. Slates for ridges and hips are sometimes cut out of thicker pieces than ordinary ; they 
are generally in two pieces, and are joined together on the roof with slate mastic, and form very 
effective and durable coverings. 

Large Blahs of date are frequently used for special roofs, and for cisterns and other similar purposes. 
They are expensive and require great care in fixing, esqnucially in forming the water-tight joints. 

Tile* are now made in Knglaml in great variety of forms. They arc made in almost all districts 
where clay for bricknmking is found ; but they should be made of a more plastic clay than that for 
ordinary bricks, otherwise they are liable to lose their shape in the burning. The preservation of 
the shape is indeed the only limit to the size of tiles ; the larger the tile the lighter the ruof covering ; 
large well-burnt tiles would l>e almost as effective, light, and durable a covering as slates, though 
requiring a steeper slope : and if a cheap method of glaziug them should l>o discovered they will 
probably supersede slates to a great extent. 

Thin tiles are the oldest and commonest form of tile in England. They are flat and about 10 in. 
by G in., and } in. thick, ami weigh 2*13 lbs.; they arc generally laid on hths of fir about 1} in. 
wido and } in. thick, nailed to the common rafters and therefore horizontal : two hides are formed 
in the tile, near tho upper edge, through which they arc fastened with wooden pins to the laths. 
The overlap of one course over the next is generally from G in. to 8 in. ; rows of laths are fixed at 
intervals to give the rcquinxl overlap, lietwecn each of which an intermediate row is placed : tho 
tiles are lidded in mortar, which should of course be hydraulic: the tiles in one course arc laid 
with their sides touching, the next course is laid with these joints occurring over the spaces between 
the mints of the course below. 

There are fiat tiles used in France 12 in. by 9] in. 

A square of plain tiling requires 700 plain tiles ; 1 bundle of laths, or 500 ft. lineal ; GOO nails, 
4 lbs. to tho 1000 ; 4 cub. ft. of mortar ; and 1 ix*ek of w<xxlen pins, or 4 bushel. 

Pantiles were introduced into England from Holland ; they are curved in transverse section, with 
a kind of lip on one side to cover the joint with the next tile in the same course. They measure 
about 14 in. long and 7 in. to 9$ in. across the chord of the curved jwrt, and about f in. thick, nnd 
weigh 5| lbs. They are made with a tongue projecting from the centre of the upper edge to the 
rear; by which they arc honked on to the laths. The overlap of one course over the next is from 
3 in. to 4 in., consequently they form a much lighter covering than plain tiles. The laths are from 
10 ft. to 12 ft. long. 14 in. wide, and 1 in. thick. The tiles should be pointed on the inside of tho 
horizontal and vertical line joints with “ hair mortar,” that is. common mortar with a small portion 
of ox hair mixed with it. With pantiles it is usual to employ special tiles to cover the ridges, hips, 
and valleys. 

The ridge and hip tiles are curved, and are about 12 in. long ami 9| in. across tho chord ; they 
are laid in mortar without any overlap, ami an- fastened with nails or hooks. Valley tiles are curved 
and triangular-shaped, and are about 10J in. by 12 in. ; they overlap, are laid in mortar, and fastened 
with wooden pins like plain tiles. 

A square of pantiling requires 180 pantiles ; 1 bundle of 10 ft. luths, or 120 ft. lineal ; 150 nails, 
10 lbs. to the 1(K)U ; and G cub. ft. of hair mortar. 

Italian Tiles. — The system of roof covering that has Wen in use all over tlie Mediterranean from 
the earliest known jteriods, has Wen that of the ridge ami furrow tiling; one set of curved or 
channelled tiles Wing laid with the concave side uppermost, to form a series of channels down the 
slope, and another set laid with the curved side Uppermost, covering the joints of the former, and 
forming a series of ridges between the channels. This system is not so effective a* plain tiles iu 
countries ex|**iod to heavy winds and snow, because the numWr of irregularities iu the surfucc of 
the roof afford so many points for the wind to act on and for the snow to accumulate in. Sometimes 
the channel and ridge tiles are both the same, or aWut the same shape, os is the case in Chinese 
roof covering. M. Kenaud mentions the following usual form now in use in Italy : — The channel 
tiles ( teaoti ) are flat, and about 1G in. long, 10 in. wide at tho lower end, and 13 in. at the upper, 
with a ledge or rim down each side; the ridge tiles ( panali ) are curved, and about the same length, 
ond 6} in. wide At the upper end and 9 in. at the lower; the overlap is about 3 in. On the common 
rafters of the roof (which aro at about 1 ft. central interval) are laid common flat tiles, and on these 
the ridge and furrow tiles are laid. The proper slope for them is from 15 c ‘ to 27 , and the weight 
of a square of 14X1 sq. ft. is 18U0 lbs. 

A triple pantile (as it is called) is made by Browne, of Bridgewater ; it is 10, J in. by 14 in., and 
1 in. thick, and weighs 7f lbs. 

Thatching is a name given to a kind of covering over roofs : it is generally made of w beaten 
straw, laid on lathing and rafters, which may W of the same strength ami placed tlu* same distance 
apart as for a common slated roof; but in country places, where thatching is mostly used, the 
rafters are generally formed of the branches of trees of from 3 in. to G in. in diameter ; the slighter 
they are the Wtter, provided they are sufficiently strong, as the lighter the roof is tho less strain 
there is on the walls ; of course, if the rufters are stout, they should be placed farther apart than 
slight rafters; and if the rafters are far apart, the lathing must be stronger, otherwise tho 
thatching will bog, or lay in hollows between the rafters. 

The straw is laid on the lathing in small bundles called heliums, until it attains a thickness of 
from 12 in. to 16 in. ; it is fastened to the rafters with young twigs and rope-yarn. 

A good pitch for a thatched roof is 45°, or, as it is technically colled, a true pitch : if the pitch 
is made less, the rain will not run off freely ; and if a greater pitch than 45° is used, the straw is 
found to slip down from its fasteuingn. 

The Thatcher* & Tools arc : — 

A common stable fork . — This tool is need to toes the straw up together when it is wetted, prcjia- 
ratory to its being made into bundles for use. 
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A that Cher's /or*, Fig. 2077. — Thia is a branch of some tough kind of wood, cut with two smaller 
branches proceeding from it, so as to form n fork, us shown in the diagram ; the joint of the two 
branches is generally strengthened by a mind I coni, to keep it from slipping when it is used. A 
small cord is fastened by one end into one of the ... 

ends of the fork, and n loop is spliced on the ao77 ‘ 07 ®‘ s< *°‘ 

other end of the oord ; this loop is mode to jiass i ; ' ~ t |ff 

over the other end of the fork, and to fit into a f C 

notch cut to receive it, as shown in Fig. 2077. , -I |j | IS Sr 

This tool is used to carry the straw from the t jl "j | i fj 

heap, where it has been wetted and prepared, % 1 • ^ Jl JJ 

up to the thateher on the roof, wlioro it is to be I i ] JJ 

used. II ; Jr 

A t hatcher* s rake, Figs. 2078 to 2080. — The AJ 

handle should be of ash or some tough wood, E# 

made not round but square, so that it may be T * »//* ' 

grasped firmly without fear of its slipping \\ • j* fa 

round in the liand : tlie arrises may be slightly 

rounded off. so as not to hurt the hand, it will be seen by referring to Fig. 2070 that a crook is 
formed in the bundle ; the rcasou for this will be explained when we come to speak of the manner 
of using the different tools. 

Thu use of this tool is, after the straw is laid, to comb it down straight and smooth. 

A (hitcher's knife, or cares* knife . — This tool is similar in shape and make to the reap-hook, 
except that it is larger, and not curved so uuickly. 

The use of this tool is to cut and trim the straw to a straight line at the caves of tho roof. 

The thateher also requires a knife shaped something like a billdiook, to point the twigs used 
for securing the straw. 

A half-glove or mitten, of stout leather, to protect tho hands when driving in the 2<W1 - 
smaller twigs, called spars. *|i 

A long fiat needle, Figs. 2081, 2082. _ 

A pair of leather gaiters, to come up above the knees, to protect his knees and *< t X5* 
shins when kneeling on the rafters. 

A sharp grit-stone to sharpen tho knives. + 

The Timbering and I.athinj necessary for a Thatched Roof. — As before stated, the 
rafters for a thatched roof may bo of round timber, such as the branches of trees, ami youmj trees, 
of from 3 in. to Ij in. in diameter, placed not more than 14 in. from centre to centre, but sometimes 
the rafters are of sawn timber : in that enso they should bo cut aliout the sumo scantling as for a 
slated roof, not as for a tiles! roof. 

The lathing in a thatched roof being very liable to rot, it should he split ontnf heart of oak, or aomo 
oilier equally durable wood : the laths are about 1) in. wide, and J in. to | in. thick, and are nailed 
ou the rafters about 8 in. apart in a horizontal direction, just tho same as for a tiled or slated roof. 

If the laths are placed farther apart than 8 in., tho straw is apt to bog or sink down between 
them ; the min lodges in tho hollows, and of course soon rots the straw. 

An eaves’ board about 7 in. wide is required to start the first port of each course of tliatcbing 


upon. 

A description of the manner of executing] a Thatched Roof . — The rafter and oaves' board being 
fixed, and the lathing nailed on in rows at the prescribed distance apart boforc mentioned, — 

As much straw is taken as it is thought will bo required for the whole roof, which may ho got 
at by estimating a square to take from 3J to 3} cwts. of whonten straw : care should be taken to 
keep the fibres or stalks as parallel to each other as possible. As each truss of straw is ojwnod, it 
is spread out and wetted, using about 3 or 4 gallons of water to each truss. The straw is thou 
to&Mid over and mixed together in one great heap with tho stable fork, so that every part may get 
an equal jsirtion of tho water. If tho weather is fine ami dry, tho straw may be used directly ; but 
if the weather is damp or rainy, the straw should be allowed to lay for a day or so to drain, and bo 
once more turned over. 


Tho reason for wetting tho straw is to make it lay close, and to enable tho tlui teller’s labourer 
more easily to draw the stalks out itarallcl. 

Tho thateher and his labourer being now ready to commence, tho labourer spreads as much of 
the straw nn the floor as will make a bundle 12 in. wide and 4 in. thick ; tho labourer then stooping 
down, with his left hand draws the stmw, little by little, to his feet, and while doing mi, with his 
right hand draws out any looso straws tliat may be lying crosswise : by this means he gets a 
compact bundle of straw from 3 ft. to 4 ft. long, according to the goodness of the straw, and all tho 
stalks are parallel. This bundle is calk'd a “ hellara. The labourer having placed four or six 
hullams crosswise in his thatching fork, he carries it on his shoulder up to the thateher on the roof, 
in the same manner as a bricklayer’s labourer carries a hod of mortar : the fork is secured on tho 
roof by a small peg and a piece of string. 

Tho thatching is imw laid in courses 3*0 widn, beginning at tho right end of tho roof, so that 
tho thatchur works from right to left. The courses are laid parallel with the rafters, and not 
|RLrallcl with the lathing (as is the cose in slating and tiling), ('are must be taken at starting tho 
caves to have a good firm body of thatch, letting the straw hang over, to be afterwords trimmed 
with the eaves* knife to a straight and good-looking edge. A row of three hellams is placed on 
«*ch succeeding lath in the course, and each row of hellams is secured to the rafters with a young 
tough twig, railed a lodger; it is nliont 4 ft. long and 1 in. in diameter: each row of hullams is 
also secured to tho row underneath it with three split twigs, called sjMirs : the Spurs an* almut 2 ft. 
long, and eight can be split out of a branch 2 in. in diameter ; they arc imintca at both ends, and 
are then doubled in two, aud the thulchcr gives them two twists round in his hand, in the saiuu 
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manner a* a rope in twisted : thin giro# the spar a splintery surface, and enables it to hold on when 
driven into tho straw. 

The thatcher has a leather glove on hi* right hand : and keeping his hand flat or open, ho gives 
the sj»r two or thri« smart blows, sufficient to drive it into the straw, and the leather serves as a 
protection to the hand. The spars must be soaked in water for some hours beforo they are used, 
in order that they should not break in the doubling up. 

Tho laijer is a tough twig, about 4*0 long and 1 in. thick, os before described: ono end is 
pointed, and driven or rather pushed 6 in. under the outside rafter of the course : it is then brought 
over the top of two rafters, and over the top of the hellanis, and then secured to tho inside rafter 
of the course with about 8 ft. of rope-yarn, by means of the long flat needle, thus holding down tho 
row of hellams, aud preventing them from slipping off the roof. In speaking of the outside and 
inside rafter of a oourae, it is meant by tho outside rafter, tho rafter that is farthest from tho 
thatelier ; aud by the inside rafter the one that is nearest to him ; and thus the insido rafter of one 
course becomes tno outside rafter of the next course. 

The thatcher gives each course, as it is laid, a combing down with his rake, to get out tho loose 
straws : ho then take* a bucket of water, anil throws it right down the course, and gives the straw 
a good beating with the back of his rake, to break any stubborn straws and to make it all lay close : 
he then Dually gives it another combing, and after that smooths it down with the back or flat sido 
of his rake, and it is finished. 

It will be sceu by referring to Figs. 2078 and 2080, that a crook is formed in the handle of the 
rake. The reason for thus crooking the handlo is to keep tho thatchcr’s hand from contact with 
tho straw, and thereby savu his knuckles. 

The ridge and hi|»s are managed thus : — The thatcher, in doing ono side of his roof, takes care 
to leave a good length of screw hanging over ami past the ridge. As he finishes tho ton of each 
course on tho other side of tho roof, no bends down the tops of the first side, and covers them over 
with tho last row of hellams on the last side, bending these last in their turn down over tho other 
side of the roof. 

The ridge is then secured on each side with three rows of lands or spars, placed end to end, and 
each s|)or is secured with three other spars to thatch. 

In the case of the hips, there are no lauds of spars, but single spars, 12 in. apart, are bent 
crosswise over the hip, and secured with three other spars, as befure. The eaves are also secured 
with two rows or bands of spars. 

Wheaton straw thatching, done as here described, will last in our climate from fifteen to twenty 
years. Oat straw’, about eight years. 

Shingles, or wooden slate’s, are made from hard wood, cither of oak, larch, or cedar, or any 
material that will split easily. Their dimensions are usually G in. wide by 12 nr 18 in. long, and 
alsiut \ in. thick. They are laid in horizontal courses of 4 or 5 in. gauge, nailed upon boards, 
the joints broken, commencing with tho caves’ course. Tho ridge is secured by what is called 
a ridge-board, or a triangle of inch stuff of U or 8 in. each side. In Amorim, where this roof 
is common, the mechanics have a special tool for shingling, called a shingle-axe, with a hammer 
at the back. 

Metal Caterings. — Metal coverings are generally laid in large sheets or plates, and as they are 
for the most part composed of materials of great tenacity, one of tilt; intermediate orders of bearers 
ran generally be dispeused with, and the sheets of metal can be laid on tho rafters or purlins. 
Metal coverings should be fastened in such a manner as to admit of expansion and contraction, 
and therefore not with uails as a general rule ; also, because the nail-holes, if exposed, soon enlarge 
with rust and form leaks. 

Iron. — Cast-iron plates arc seldom used, except when the roof consists of a reservoir or tank, 
in which case it is frequently mode of cast-iron plates bolted together by means of flanges. Cost 
iron is frequently employed in roofing, for eaves’ gutters, and rain-water pipes, and is one of tho 
most effective materials that can be used for these purposes. Both gutters and pipes may bo 
made as thin us they ran lie efficiently cast ; the gutters may lie of any cross-section required to 
correspond with the other mouldings : for an ordinary roof they shquld not be lees than 5 in. deep in 
this climate. With that depth they may be laid nearly horizontal, as it is an advantage to havo 
Borne water always in the gutter. The lengths or pieces should lie connected by flanges and bolts, 
to allow of tile introduction of fresh packing. Tho connection of the gutter with the wall should 
bo very firm, and such as to allow for its expansion and contraction. With such a gutter a do tm- 
pipc or means of escape for the rain should bo provided nt about every 50 ft. lineal of gutter ; 
this should not be less than 4 in. in internal diameter, and should have a larger head with a 
grating over it to prevent leaves or other matter getting into it. Wrvught-irvn plates aro used 
both flat and corrugated. With flat plates the mode of forming the longitudinal joints (down tho 
sIojh*) mentioned by Kenaud is the most effective, namely, by bending the two edges of tho adja- 
cent plates over a roll of wood extending down the roof, so as to avoid nailing. Corrugated wrought- 
iron plates havo been much used of late years in this country. They nre made in sheets aliout 
1*2 ft. long and 6 ft. wide, and in thicknesses from about No. 25 to No. 15 of the Birmingham wire- 
gauge (that is, from about ^ to ,**); the corrugations aro from 2 to 5 in. across. It is only 
necessary to support medium-sized corrugated iron at intervals of about G ft., hence the frame- 
work of the roof can be simplified ; the corrugations being placed so as to form ridges and furrows 
extending down tho slope of the roof, the overlap of the sheets at the sides forms of itself a nearly 
water-tight joint ; it is necessary, however, to fasten tho sheets with nails along the top and bottom 
of each sheet to horizontal purlins or buttons, in order to prevent them being lifted by tho wind. 
These nail-holes are sources of decay and leakage. 

No thin sheets of wrought iron will last many years without some artificial coating, and no 
artificial coating at present ill use will effectually prevent oxidation, without frequent renewal. 
With thick plates not liable to any disturbing causes, the coating of oxide forms an effoctivo 
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covering in itself, for it will not penetrate far into the iron and resists further change ; bnt the 
liability to decay from rust of thin plates, especially when exposed to the action of anv acid, has 
chocked the application of wrought iron as a roof covering. A coating of zinc is applied to such 
plates for this object, and preserves them for several years, but wherever the coating is broken 
through, both the zinc and the iron decay rapidly ; for this reason no holes or cuttings should bo 
made after the zinc has been applied, and a coating of paiut is frequently desirable iu addition to 
the zinc. 

Lead is the most durable covering for roofs of all the metals. Its malleability require* that it 
should bo supported on boards, and as it must tie of considerable thickness to retain its shape, it 
forms a heavy covering. There are two kinds of lead used in roofing, cast and milled. The former 
is the harder of the two, and is preferred for Huts, cisterns, gutters, and tanks ; the latter beiug 
more malleable is preferred for hips, ridges, and Hashings. Both kinds are made in sheets about 
ti ft. wide, aud the cast from 1G to 18 ft. long, and the milled from 18 to 25 ft. long, and it is 
generally designated by the weight per square foot : that for flashings being not less tlian 5 lbs. ; 
for hips, ridges, and valleys not less tlmu 6 lbs. ; for gutters, flats, and cisterns, not less than 7 lbs. 
a sq. ft. 5 lb. lead is about Ar in. thick, and 7 lb. about 

As the ex]iaiision of lead is considerable with increase of temperature, tho joints must not be 
fastened together by solder or by any other means : when a joint is required to be in tho direction 
of the slope, it is made by a roll of wood us abovo mentioned for iron plates ; when the joint is 
across the slope, it is made by what is called a drip, which is a small vertical fall arranged in tho 
boarding over which the two edges of the lead sheets overlap. Lead on /tats, that is roofs nearly 
horizontal, should bo laid in widths not greater than half the width of the sheet ; on gutters and 
flashings it should lie iu lengths not greater than half the length of tho sheet. Gutters and flats 
should have an inclination of at least J in. in a foot or that is when the cross-section of tho 
gutter is nearly flat, as is frequently the case with lead gutter. When tho sides or ends of gutters 
or flats are formed by walls, the lead should be turned up against the walls of about G in. high, 
and be covered by a separate piece of lead called a /tasking, the upper edge of which is let into a 
mortar joint in the wall, and the lower edge covers the top of the gutter lead about 3 in. Tho 
joints of flushings, and of hip* and ridges, are lapped joints ; this joint is suitable only for such 
narrow pieces of lead in vertical or inclined plaucs. In a ridge, the lead is moulded over a 
wooden roll fixed to the ridge-piece, and laid over the roof covering on each side ; its own weight 
is sufficient to keep it down without any nails. Iu hips there is a tendency in the had to slide 
down : this might be prevented by the top of every piece beiug nailed down with ordinary nails, 
which would be covered by I he lap of the piece above it. 

In water cistern* and tanks lined with lead tho joints fnust of necessity be made of solder to 
ensure their being water-tight. 

Solder used by the plumber is composed of equal |>arts of lead and tin ; it is run into the joint 
in a molten state, and smoothed down by what is called the grosing iron, and finished off by tiling 
and scraping. The joints of the had are first scra|ied clean and covered with borax, which easily 
melting forms a coating to prevent oxidation while the soldering is in process. 

Copper is in itself very durable as a roof covering, but it is generally used in such thin sheets, 
on account of the expense of it, that it is liable to become ineffective as a covering before the 
material is worn out. It is used in England in sheets weighing about IGoz. a sq. ft.; and in 
Paris in sheets measuring about 3| ft. by 4$ ft., and weighing up to 28 oz. a sq. ft. It is not 
considered necessary in Paris to cover sheets of tliat thickness with paint or other onating, as tho 
coating of oxide which soon forms on it is a sufficient protection. The modo of fastening copper 
sheets is similar to that recommended for lead : on account of tho thinness of them, they should 
bo laid on boards. 

Zinc is frequently used for roof coverings on account of its cheapness os compared with lead 
And copper. It is not so durable os either of them, but being stronger than either it can be used 
in thin sheets without boards immediately under it; it is used in England in sheets weighing 
from 12 to 20 oz. a sq. ft., aud in Paris in sheets about G ft. long and 18 to 30 in. wide, and 
weighing from 20 to 40 oz. a sq. J't, The thick sheets are said not to require any other coating 
beyond that of tho oxide naturally formed. 

Iron Hoofs. — Tho facilities now available for the rolling of wrought iron into bars of various 
croud-sections, enable it to be used with efficiency and economy in the framework of buildings. 
The metal con bo disposal in the eross-eection in such a manner as to give the maximum of 
strength with a given quantity of material, and to give considerable stiffness at tho same time, 
and it* elastic force is much greater than that of wood. Therefore, beam* of wrought iron can l*i 
used with efficiency and economy in larger spans and bearings than of wood : hence, a framework 
or roof of iron can ho made of simpler construction than one of wood : a smaller number of orders 
of bearers can be employed, and the principal frames or trusses can be more simple and have 
greater bearings. The general arrangement of a wooden roof has been followed in iron roofs up 
to a span of about 50 ft. ; there ore principal trusses, but they are sometimes 15 and 20 ft. apart ; 
the purlins are consequently stronger, and are sometimes framed. And in roofs tliat are covered 
with iron or zinc plates, these are frequently laid on the purlins direct. Tho facility of forming 
joints in wrought-iron work lias caused other forms of trusses to bo adopted, which bring thu 
strain* more directly on to the bars composing it. The principle of ono of the most common of 
these trusses is, that the beam or bar representing the principal rafter is supported at one or rnoro 
points by short struts at right angle* to it, the ends of which are connected by a continuous bar 
or rod with both ends of the rafter ; the whole- strain which passes down the struts is thus trans- 
ferred to the rafter, compressing it at each end in the direction of its length : owing to the inclina- 
tion of the rafter there will be an unbalanced farce at the lower end. which must be met partly 
by the wall or column, and partly by a tie-bar or rod connecting the lower ends of tho two rafters 
or some other intermediate p3int* on the rafters. When this tie-bar is placed at an intermediate 
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point, a cross strain is thrown upon the principal rafter near that point, as in the caso of a collar- 
beam truss. 

When tho span of the mof is very large, a curved rib or rafter is frequently used, in which 
the line of pressure of the forces acting on tho roof is kept within or nearly within tho rib, and tho 
horizontal tore© at tho springing points is provided for by a tie-bar connecting them. This tic*> 
bar being of oniiiimrativiuy small croes-aectiou for its length, is supported by king or queen rods 
from the rib; sometimes it is curved, or rather polygonal, consisting of straight pieces between the 
sup|)ortit]g rods, forming a convexity upwards with the object of gaining height in the centre ; 
in all such cases there is a horizontal force not taken up by the tie-bar, which has to be carried 
either by the rib or by the walls. 

The rafter or rib in iron roofs has generally a T cross-section with the flange 'uppermost, for 
the convenience of fastening the upper jarts of the structure to it ; this, however, is evidently not 
the most effective cross-section, and consequently large ribs aro generally made with an I section. 
Both sections can be rolled in one piece up to 10 in. in depth and 1 in. thiekm'u* of metal, and to 
ft length of 30 ft, without difficulty ; alove that size they must bo built up of flat and angle plates 
riveted together. Struts are mode of wrought iron of T cnww-section, and sometime* of two T 
pieces bolted together flange to flange, forming a + emss-sertion : sometimes they are of cast iron, 
in which cuso they can lie made of the* bent theoretical section, both transverse and longitudinal, to 
resist compression. Tic-bars arc generally reds of a circular cross-section when small, or flnt liars 
when large, any additional required strength in any part being generally obtained by using addi- 
tional bats of the same cross-section. The same method of obtaining additional strength is 
adopted generally in the rafters or ribs, in which tho thickness of the top flange is generally 
increased as required, by adding additional flat plates to it. Purlins arc generally mode either 
with an L cross-section or a bridge (J\) cross-section, in both cases for the purpose of fastening 
other parts to them ; for which purpose also the vacant space in each is sometimes filled in with 
timber. Large purlins are made of timber trussed with iron, or of framed ironwork entirely, and 
in these cases ore sometimes framed in between the principal ribs to gain height and stiffness. 

Provision should be made in all largo iron framework for expansion ami contraction. This is 
generally done by allowing ono end of a truss or frame to be unfixed and free to move horizontally; 
and to rtxluce the friction, the bearing surface of the end is sometimes made to rest on iron rollers 
turning in an iron framo and working in oil : sometimes the end is suspended by or fixed to a 
short piece fixed to an iron support resting on the wall, which from the action of tlio two centres 
of motion admits of a small motion of the whole frame. With short iron beams, such as the girders 
for small bridges, it is considered sufficient to bed them on lead without other fastening, their own 
weight being sufficient to keep them in their places. 

The bearing surfaces of ironwork are so smftll that it is impossible to frame them together 
in any manner depending on those surfaces, as in woodwork. There are two methods commonly 
odoptod for connecting iron bars. 1st, by large holt*, which are used when the framework con- 
sists of a comparatively few pieces of large cross-section. It is an advantageous method when 
the bolts are so large tliat their efficient manufacture can be depended on. 2nd, by rivet*, which 
are used when the pieces consist of comparatively thin plates, and arc connected by a large 
number of small bolts called rivets. The joints in ironwork ore always the weakest part of the 
structure : no joint has ever been used, except welding, of which the strength is at all equal to 
that of the solid part of the pieces Joined : then, tho manufacture of small bolts cannot bo depended 
on, consequently at the parts of the framework where the greatest strain occurs, the material is 
weakest ; and as those are tho points on which oxidation is most likely to occur, it may be expected 
that the joints of ironwork will give way in course of time beforo the solid parts of the bars them- 
selves. Therefore, when bolts ore so large as to become bars, it is advantageous to use that method : 
otherwise there is an advantage in rivetiug, because there is a greater number of individual 
connections at one joint, and a rivet being hammered in mi hot is a more effective connection than 
a bolt fixed add, the pieces lio closer together, and upon tho whole there are generally fewer 
separate joints in the whole structure when rivets are used. 

2083. 



Bolts which arc subject to a shearing strain, ns in Fig. 2083, 
slmuld not have to bear more than 4 tons to a square inch of 
each section liable to be sheared. If fixed as in Fig. 2083 it is 
considered as having six shearing sections, and would therefore 
bear 24 tons iter square inch of cross section of bolt. 

Bolts which arc subject to direct tensile strain, as in Fig. 2084, 
should not have to bear more than 5 tons to a square inch on the 
cross-section at a 6, or 4 tons a square inch on the crass storing of 
which cd is the depth, and the circumference of tile bolt is tho 
length, which is subject to shearing strain. Consequently, if the 
bolt is of equal strength throughout, c d inn.-d be (qua) to a b. 

Screw bolts, which arc subject to direct tensile strain, as in 
Fig. 2085, should have head* of double the depth of common bolt- 
heads, because it is estimated that half the resistance to shearing 
is lost bv weakening the metal by the thread of tho screw. Con- 
sequently, if the bolt b of equal strength throughout, the height of the head or of the nut should 
be equal to the diameter of tho bolt. 
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The diameter of the nut is generally twice that of the lx>lt itself : but evidently the port eg , 
Fig. 2084, should not be subject to a greater pressure jtcr square inch than the safe crushing strain 
of the metal. 

MM. 108 S. 



I.inh, that is to Bay, two or more lint l>ars connected together by a bolt passing through their 
ends, and subject hi tensile strain, should have those ends enlarged, ns in Fig. 2080, bo that the sum 
of the areas of the cross-sections ac ami bd shall bo equal to the area of the cross-section of the 
body of the link. The end is also subject to a shearing strain on the tactions a e and b /, the areas 
of the cross-sections at each of those two jxutits should therefore 1*; calculated so as to have a strain 
of not more than 4 tons a square inch on them. Also, the compretwilc strain on the surface agb 
should not exceed 5 tons tho square inch. 

Rivets . — The dimensions of rivets and of the plates at the joint may lie calculated by the same 
rub's ns for single bolts. If it is a joint subject to tension, ns in Fig. 2087, the effective strength 
of the joint and of the plate is the resistance of the cross-sections a b and cd to tension, and of 
the cross-sections be and cf to shearing. If it is a joint subject to compression, as in Fig. 2088, 
the effective strength is the resistance of the section gih to compression. Hence, in a tensile tap 
joint the size of the rivets should 1*> as small as )Kiasiblo, and the sections of the jwirts abed as 
large as (XMsihlc ; ami in a cvmprtesile lap joint the size of the rivets should bo as large as possible. 

hip joint is the name given to a riveted joint when tho plates overlap each other. In a single 
rivet Iai> joint, as in Fig. 2089, the whole tensile or oomprcssile strain being divided amongst the 
sfNtcoa between the rivets determines tho interval of them. And the whole shearing strain being 
divided amongst the sections a b, c d, Ac., determines the amount of overlap. Fair bairn considers 
that the strength of such a joint under tension is only 0 60 of that of the solid plate of the same 
general cross-section. 



4 


In a double rivet lap joint the amount of overlap and the intervals between tho rows of rivets 
both ways, and the size of the rivets, are all determined by the ul*>ve considerations, and by the 
rub’s for bolt*. Fig. 2090 shows the joint recommended by Humber for tcusile strains. 

Fig. 2091 shows the joint he recommends for compressive strains. 
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In practice the dinmetor of the rivet* is generally made a little more than the thickness of the 
plate, and the intcrvul in from 2 to 4 times tho diameter, according to the closeness of the joint 
required. 

The practice in H.M. Dockyard at Chatham, in the construction of iron shifts, is to use rivets 
rather larger in diameter than tho thickness of the plate, ami at intervals from 2 to 4 times the 
diameter. Thornton states that a water-tight joint can lte formed with Bingle riveting at intervals 
of 4 diameters ; double riveting is commonly user!, the tii»t row lieing placed at a distance of at 
least one diameter (of rivet) from tho edgo of tho plate, and the second row at about 3 diameters 
from the first. These rules determine the length of what is called the butt-plute, or fishing-piece. 
'Hie rivets in the second row are placed directly opposite those in tho first row, and not diagonally 
opposite the spaces. In all exterior plates the outer rivet-holes are countersunk and the rivets 
hammered flush. 

Holt-nuts are generally made in depth equal to the mean diameter of bolt, and india-mblicr 
washers of about \ that thickness are used with bolts through thick plates. 

Tho experiments in tho testing-house of Chatham Dockyard show that if the total area of the 
rivets is equal to the area of the cross-section of pinto at one row of rivet-holes, tho strength of the 
rivets to resist shearing will be greater than that of tho plate to resist tension ; also, that the 
punching of holes in steel or luml iron injures the metal round the holes, so that tho plate is con- 
siderably weakened at that part. Rivets with hammered heads are more liable to leak than with 
heads rounded in a swage, and ttio latter titan countersunk conical heads : countersinking should 
always bo drilled ; and rivets fixed cold are tighter than those fixed hot. 

The following extracts from tho Regulations of tho Society of rnderwritcra at Liverpool for 
Iron Ship Building show the practice in that trade for riveting plates : — 

Sixteenth* of an inch. 

Thickness of plates .. .. 5. C. 7. 8. 10. 12. 13. 14. 15. 10. 

Diameter of rivets .. .. 8. 10. 12. 13. 14. 15. 1C. 18. 19. 20. 

Rivet-heads should bo thin, and rivet-nocks, under the heads, should bo bevelled to fill tho 
countersink formed in punching. All riveted seams and butts to be laid up quite close, so ns to 
prevent the introduction of the thinnest knife used for trying riveted work. 

Every hole requiring to be countersunk must be countersunk quite through the plate. Each 
rivet to till the hole and to be laid up dose round the head, and when finished to lx? flush and fair, 
neither projecting above nor sinking below the surface of the part through which it passes. 

All double riveting to be in parallel rows, or wliat is termed chain riveting. All butts to be 
doable riveted. Breadth of lap in seams and butts, for double riveting, to be 5§ times the size of 
tbt* hob 1 punched. Rivets to lx? 4 diameters apart, from centre to centre, longitudinally in seams 
and butts. Rivets in framing to be 8 times the size of the holo punched, apart. 

Iron decks to have their lmtts treble riveted amidships. 

Extract from Lloyd's Rules. — Rivets not to lte nearer to the butts or edges of tho plating, or of 
any angle iron, than a space not less than their own diameter, and not to Ik* farther apart from 
centre to ccutre than 4 times their diameter, or nearer than 3 times their diameter. In single 
riveting the overlap is not to lx? less iu breadth than 3 times tho diameter of tho rivets. No rivet 
to lie less than } in. in diameter. 

Table or the Weight or Roor Covering* and the Slope fob them suitable for the 
English Climate, prom Tredgold. 


Material. Wright a aquarr of *00 sq. ft Slope. 

• lbs. 

Ordinary slates 500 to 900 .. .. 264° 

Large sin trs 1120 .. 22° 

Plain tiles 17K0 .... 50° 

Pantiles .. 050 .. .. 50^ 

Thatch same as slates .. .. 45° 

Copper .. .. 100 .. .. 3° 50' 

Lead 700 .. .. r50* 


Tho weights here given include tho covering and tho immediate Ijcarers underneath, bnt no 
rafters or other framework. An allowance for the pressure of wind and snow must lx; made in 
addition. Tredgold recommemls that the former should bo calculated at 40 lbs. a square foot of 
horizontal pressure on a v«?rtical surface. 

Floors . — Under this head we include all kinds of floors and pavements of stone ami wood, lx»th 
the framework and tho fioor covering. Tho technical builder sometimes includes under the name 
flooring only the boards or covering ; but it is evidently more correct to tr«*at under one head all 
the [Mirts of those platforms which form thu living places in houses, of whatever material they are. 

The same general principles of framing apply to all floors of wood framing as were applied to 
roof* ; being simplified in the ease of floors, Inca use they are almost always flat. The problem in 
floors of this class is to provide the smallest number of bearers that will carry an effective floor 
covering with the greatest economy ami stiffness. 

Single Floors . — The simplest description of wooden floor, when there is only one order of bcarere 
supporting the hoards, is technically called a single floor, and the Ix'arers ore called joists, Tredgold 
recommends that single joist ing should not be applied to a bearing above 15 ft., on account of the 
deflection, which then becomes so great as to bo inconvenient. Asa joist has only to bear perpen- 
dicular transverse strain, the deeper it is the better ; but such beams have a tendency to buckle or 
turn over on their sides, and to counteract this, they should bo strutted agaiust each other ; such 
strutting may be composed of short pieces of wood nearly the depth of the joists, and fitted in at 
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right an "lea to them, and moderately tight, and nailed, not morticed. Tredgold recommends that 
there should be a row of strutting when the bearing of the joists is more than 8 ft., and two rows 
of strutting!) to bearing above 12 ft., and an additional row for every additional bearing of 4 ft. 
He mentions an experiment made by Professor Hobiaon to illustrate the strength of single floors 
of two models, one representing a single and one a double floor, both 18 in. sntiare, and containing 
the same quantity of wood. The former broke with a load of 487 lbs., the latter with a load of 
327 lbs. 

Joists are generally laid at ft central interval of 1 ft., when covered with hoards, because floor 
hoards are not generally more than 1} in. thick ; and with a much greater bearing than 12 in. they 
would deflect considerably. 

The minimum thickness for a joist is 2 in., to allow hold for the nails of the boards without 
splitting the timber*. 

They are generally laid on tho wall-plates, and not notched or framed. The wall-plates extend- 
ing all round the walls are very frequently laid in a kiud of groove left in tho brickwork ; and, 
therefore, the ends of the joists enter into the walls, a practice which tends to cause decay in tho 
wood, besides weakening a thin wall considerably. The more effective method is to corbel out the 
wall to form a support for the wall-plates, and so keep the joists clear of the main wall. In ground 
floors this is accomplished by a set-off increasing the thiekuesa of the wall. 

Ceilings that are covered with lath and plaster, which is the method commonly used in England, 
are supported by cn/in^ joists, which are notched and nailed at right angles to the joists or (teams 
of the floor above. The ceiling joists should not have more than 10 or 12 in. central interval, 
otherwise the lath and plaster would be liable to break from its own weight. In a single floor, 
in order to chock the passage of sound from one room to the other, it is usual to make every third 
or fourth joist about 1 $ in. deeper than the others, and to nail the ceiling joists to these only, thus 
diminishing the points of contact between the floor boards and ceiling. Tredgold recommends that 
no ceiling joist should have a greater bearing than 10 ft. 

The ceiling joists should not be less than 2 in. thick, on account of the lath nails. 

Framed Floor *. — Tho method most recommended by Tredgold and others for introducing a 
second set of bearers to stiffen a floor when tho breadth or span exceeds 15 ft., is by placing largo 
beams across the breadth at suitable intervals, and notching the joists on to these. These large 
beams are called girders. Tredgold assumes the central interval to be generally 10 ft.; but that 
must vary according to circumstances. One advantage of the framed floor is that tho ends of the 
girders can be supported easily by corbels projecting from the wall, a template being introduced 
under each to distribute the weight. If, however, the ends of the girders are let into the main wall, 
an open space should bo left round them for ventilation, covered with a flat stone or arch to carry 
the wall above. Girders should have a bearing from 9 to 13 in. ou tho wall. Such floors of two 
orders of bearers are technically called double floors. 

When the breadth of the floor is abovo 30 ft. it is difficult to procure timber of the necessary 
size for girders, and tho deflection of them would bo considerable : hence arose the practice of 
trussing or framing wooden girders, on which great ingenuity was expended before iron was used, 
with tho object of reducing the total depth of tho truss ns much as possible, to keep down tho 
depth of tho whole framework of the floor. Tredgold considered that no trussing which is con- 
tained within tho depth of the solid beam itself can be depended ou, on account of the injury to 
the fibres of the main beam by the framing ; also, that the practice of camberiiuj a beam, that is, 
so fixing the framework that the main Ix-am without any load on it assumes a curved form, convex 
towards tho load, so cripples the fibres that the additional resistance obtained by it is np}»arent 
rather than real. Tho method generally recommended for floors of such great breadth before iron 
was used was to place large trussed girders at about 10 ft. central intervals, and to frame in other 
girders between them at about 6 ft. central interval, and to notch tho joints on these last, the object 
of framing the intermediate girders between the others instead of notching them on being to save 
total depth in tho floor. These intermediate girders are technically called binding joists, and the 
common joists arc in this case called bridging joists , and the whole is called a framed Moor. Tho 
o iling of the room below such a floor is supported by common ceiling joists fixed to the binding 
joists of the floor, or to others fixed to the girders for the purpose. But Tredgold considers it would 
probably make a stronger floor, though of greater total depth, to place girders at 5 ft. interval, and 
omit the binding joists altogether. 

He recommends that a wooden floor should be laid with a slight camber upwards (about f in. 
in 20 ft.), and especially ceiling joists, with the object of allowing for settlement from shrinking. 

Tho following practical rules for the sizes of the beams of ordinary woolen floors are taken 
from Tredgold’s Carpentry. They arc most of them founded on tho same assumption he adopted 
in the case of roof beams, namely, that the safe deflection to be allowed in floor beams should vary 
inversely as the length between the points of support ; and as mathematically the deflection is 

p 

proportional to , Tredgold’s law reduces the formula for practical purposes to , in order that 

tho stiffness may be directly as the length. Then by assuming a given deflection to be allowed in 
a given floor, and a fixed method of arranging the beams, he obtains a constant coefficient for each 
beam applicable to all similar floors. 


Common or Single Joists.- 






tho central interval of joists being assumed to bo 12 in. 

» / 7 * 


l = length between bearings of ditto in feet. 


Binding Joists. — d = 3*42 


V‘l 


, the central interval of joists being assumed to be b ft. 
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Girders. — d = 4’2 yf — , the central interval of girders being assumed to be 10 ft. 

o 

Bridging Joists . — The same rule as for common or single joists. 


Ceiling Joists. — d = 0*C4 


i/l 


, the central interval of joists being assumed to In? 10 to 12 in. 


In this case the formula is the same as that for deflection; hence Tredgold has apparently 
assumed that the actual amount of deflection should lie the same in all ceiling joists. 


Wall Plates . — For a 20-ft. bearing .. .. 4$ x 3 in. 

„ 80-ft. „ .. .. fi x 4 in. 

„ 40- ft. „ .. .. 7$ x 5 in. 


Floor Ctrrxriiuj *. — Almost the only kind of covering used in England for floors of wooden frame- 
work is of boants. The thickness of floor boards is a practical rather than a theoretical con- 
sideration ; they are destroyed chiefly by wearing away, and for the economy of replacing them 
comparatively thin hoards and close bearers are letter than thick planks and open bearers, as in 
the deck of a ship. They are seldom thicker than 1£ in.; this is a necessary thickness for barrack- 
floor* which are anon worn awav: common house floor boards may lx* 1 in. and 1J in. thick. The 
narrower in breadth the ImarJs are the less danger there will be from shrinking after they are 
laid : to guard against this, the floors of important rooms are laid with boards, aliout G iu. wide, 
technically colled battens} more common floors are laid with yellow deal boards, !* in. wide. It is 
evidently of great importance that they should be of straight-grained, clean and sound ami well- 
seoaoned timber ; and to provide for this as far os practicable, they should bo brought on tlm ground 
and wrought and stacked at the commencement of a new building, and if possible a new floor 
covering should be laid in its place without being nailed down for at least a ye nr. As a part of 
the strength and elasticity of the covering depends on the length of the lioards, the more completely 
the ends of them break joint in the several courses of boards the better for this object ; therefore, 
it is advantageous to lay the boards along the room ami not across it, as in the former cast* the 
joints can be more efficiently broken and the whole floor laid without cutting the timber to waste 
so much os the latter would require. 

The upper face and all the edges of floor boards are wrought, that is, planed to a smooth even 
surface. 


There are four ways practised in laying floor boards, in eaeh of which each board is laid and 
fastened separately. 

1. Square edged. — That is when the lioards arc simply laid close together without any connection 
between two adjacent boards, ami are fastened by one or two nails driven straight through the 
boards into the joists; there is therefore a line of nails over every joist. The longitudinal joints 
run in straight lines from end to end of the room ; the transverse joints, formed by the ends of the 
boards, arc broken os much ns possible. In this method the slightest shrinkage of the boards 
leave* an open joint to the ceiling of the room below. 

2. Rebated. — That is when a rebato is cut on one longitudinal edge of the boards, and a corre- 
sponding but reverse rebate on the other longitudinal edge, the adjacent boards thus overlapping : 
the nails mav be driven obliquely through the rebates of the outer face before the next board is 
laid, by which no nails will be visible. This is called edge nailing. 

3. Rebated and Filleted. — That is when a similar rebate is ent on eaeh edge, on the under-side, 
leaving between two boards laid together a square groove below, which is filled with a small piece 
called a fillet. The rehnte in this case need be only half the width of that in the last can?. From 
the facility of making this joint and of repairing it, it is generally adopted iu barrack-floors. The 
lioards are generally face nailed , that is nailed straight through the breadth into the joists, with 
two nails to each crossing of a joist. But they may bo both face and itlge nailed, one nail being 
driven into the face and one into the edge at every crossing of a joist. 

4. PlowjKed and Tongued, — That is a narrow deep groove is cut in each longitudinal edge of each 
board, and a thin strip of hard wood or of hoop iron is inserted into the outer edge of the first 
board, and is pressed into the groove of tho next board. The boards are generally face nailed. 
Sometime* dowels or pins with corresponding holes in the edges of the Ixxirds arc used instead of 
continuous tongues, and then the boards may be edge nailed. 

Warehouse floors reuuire thicker floor covering than ordinary floors, on account of the heavy 
traffic and liability to sliocks ; consequently, the bearer* or joists may bo farther apart. On account 
of the wear, oak or some hard wood is frequently used for these floor*. 

French floor coverings are generally of ornamental paraueterie or inlaid woodwork, tho climate 
not requiring the constant use of carpets as in England. The paraueterie is laid on ordinary rough 
lioards on framework, and as a large liearing surface is desirable with this kind of covering hi 
prevent injury to the inlaid work by deflection as much as possible, the joists in French floors arc 
generally broader than in Englinh floors, 

Firejtroof Floor n. — One of the greatest preventative* to the spread of fire in buildings is lime ; a 
wooden floor well cased in mortar on all sides will resist a considerable action of fire ; but the 
difficulty of thoroughly casing timber in mortar and nf preventing its decay lias checked the 
application of it to these purjuwn. The introduction nf cn*t-iron beams was the first stop towards 
thoroughly fireproof floors, for they can be made of such size and shape as to Ixj convenient and 
effective for the support of brick arches between them. Many floors have been made, and some are 
still made with cast-iron girders and brick arches between them. The limit to the interval and 
consequently to the size of the beams or girders is that the brick arch shall be just strong enough 
to carry itself and any load that may come open it, ami that the total quantity of iron in the floor 
shall be the least possible. With arches of one ring of common bricks, that is 4£ in. deep, a span 
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of G or 7 ft. is found to Ik* most effective. Tho uae of east iron admitted tlio employment of girders 
of uniform depth, which is advantageous in floors, the requisite strength in tho different jiarts of 
the length of the girder being obtained by varying tho size of the liotlom flange. 

The exposed ironwork on the under-sido of this kind of floor causes a condensation on it from 
tho moisture in the atmosphere of the room below, which not only rusts the iron, but forms lines of 
droppings on tho floor below each girder. A more serious defect is that tho exposed ironwork be- 
coming readily heated by Are is very easily cracked by the sudden contraction caused by throwing 
water on it ; the fall of several floors from this last defect led to the more general use of wrought- 
iron girders. 

The facility with which wrought iron can now be rolled into various forma of bars suitable for 
these constructions lias tended to increase the use of them in floors generally. The same advan- 
tage of elasticity and strength and favourable arrangement of metal in the cross-section, which 
rendered the application of wrought iron so efficacious in roofs, tells equally in its application to 
floors. It is seldom necessary with wrought iron to use more than single joists ; sufficient stiffness 
can generally be obtained by increasing the depth of joist or girder, or by using liox-girders. As 
rolled-iron joists or girders must necessarily be of the same size throughout, there is a waste of 
metal in them. They are now rolled solid direct from tho mils of all forms of rectangular flanges 
np to about a foot in total depth. When they are of double flange or I section, they can be used as 
girders to support the wooden joists of common floors, or as girders to carry brick arches turned 
between them and resting on the bottom flanges. Another method of using them, which is now 
commonly adopted for fireproof floors in England is that generally called Fox and Barrett’s plan. 
Tho iron joists in this method are placed at about 2 ft. apart, and small fillets of wood about 1 in. 
or I} in. square are laid across between tho joists resting on the bottom flanges, and with intervals 
of J to 1 in. between them : a temporary platform is erected close under the bottom flanges of tho 
joists, and a fine concrete made with good lime is poured in from alxivo, {tossing through tho 
intervals between the small fillets and forming a key or tonguo below. The total thickness of 
the concrete must depend on the circumstances of each case : sometimes tho concrete is filled in np 
to the level of the top flnngesof the iron joists, and small wooden joists are laid in it to carry the floor 
Istanls of the room above ; sometimes the concrete is laid no thicker than is necessary to resist 
ordinary fire, ami to stop the conduction of sound, for which purposes probably 4 to 6 in. is suffi- 
cient: the small wooden joists of the upper floor are in this latter case carried on the upper flange* 
of the iron joists. To complete tho fireproofing on the under-side when the concrete has aet ? tho 
temporary platform is removed from below and the under-side of the floor is plastered, the project- 
ing tongues of concrete below tho wooden fillets forming a key to the plaster, small pieces of wood 
being fastened to tho under-sido of the lower flanges of the iron joists to form a key for tho plaster 
over them. 

There are several other mothods of forming theao iron and concrete floors; tho general prin- 
ciple of them is all the same. In all the object is to have a thickness of several inches of good 
cement and to cover the under-sido of iron and woodwork with plaster. Tho coating of plaster 
underneath both checks the spread of fire and prevents tho condensation and oxidation on tho 
ironwork. It is advantageous to have a quick setting lime for tho concrete, as the deflection of 
tho framework caused by its weight inay affect the efficiency of the floor; when once the lime 
has set, the concrete adds to the strength and stiflhess of tho floor by forming a solid block between 
tho joists. 

Sometimes it is desirable, either for purposes of traffic or for better security against fire, to cover 
the floor of the upper room with stone. In these cases the concrete is generally fillet! up to the top 
flanges of the iron joists, and a layer of finer concrete or mortar is laid over it, and the stones or 
tiles are bedded in that. 

These descriptions of floors might be advantageously applied to the construction of flat roofs, as 
they can lie increased to a considerable strength and used for spans or bearings up to 210 ft. Alxive 
that span it is desirable to introduce another order of bearers, which would generally consist of 
framed or plate girders of wrought iron. The intervals between the iron joists are sometimes filled 
up with tilea made expressly for tho purpose, both flat and curved : sometimes with thin iron 
plates. Curved iron plates are recommended by W. Fairbnim, who 1ms written upon these floor*, 
instead of the brick arches between cost-iron girders, the upper side of the plate being filled with 
concrete. The ends of the iron joists should be laid ujmiu a continuous stone wall-plate extending 
round the walls; a bearing of from 9 to 12 in. on the wall-plate is sufficient for ordinary floors, 
and it is only necessary to bed the iron joist on Borne slightly elastio material, such as had or some 
resinous compound, to distribute the pressure uniformly ; the friction on tho bed will be sufficient 
security against motion. The ends of large girders should bo bud on lead plates resting on stono 
templates, or on cast-iron beds expressly prepared to receive them, and bolted down in such a 
manner as to allow for expansion and contraction. Very large girders should have one end bedded 
on iron rollers, as in the case of large roof ribs, to allow for expansion and contraction. 

A further ad vantage of these floors is that pipes or other arrangements for ventilation can be 
readily provided for in between the iron joists in the course of construction; or, if box-girders aro 
used, they could lx? employed for the same object. 

Mnltr$r Floors . — A good fireproof floor is commonly made, in Malta and other places in that part 
of the Mediterranean, of tho same construction as the flat roofs, before mentioned. Arched ribs of 
stone are built across the room from wall to wall at about 4 ft. interval, and having a horizontal 
surface at top; these carry the ceiling stones, which are, consequently, about 4 ft. long, and aro 
10 or 12 in. wide and 3 in. thick; they are laid close together without inortnr; then stone 
drippings are laid over them for a depth of about 2 in.; then the flooring stones of the room 
above are laid ; these are from IS to 24 in. square and 3 in. thick, and jointed with fine hydraulic 
mortar. 

It must be remembered that in Malta there are great facilities for obtaining suitable stones for 
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this work, and that the stone, when dry and scraped and covered with a coat of warm oil, noon 
become* hardened ami polishtMl. 

Pavements . — In ground floors and in yards and other similar parts of buildings, the flooring is 
frequently of stone, on account of the nature of the traffic. Such floorings, in England, are gene- 
rally made of large thin square shines, commonly called flag -stone. These atones aro in size from 
2 ft square upwards, and from 3 to 4 in. thick. They are generally laid on a substratum of a few 
inches of concrete, having a bedding layer of fine concrete on the top, and jointed with mortar. 
Where there is wet of any kind to be dealt with, the lime of the concrete ami mortar should be 
hydraulic. Careful attention to these matters in the laying will save uneveuuess in the wear, and 
fracture of the stones afterwards. If the floor is intended to carry off water at any time, the stones 
should be nibbed on the face and tooled on the edges, and laid, of course, to a slope in the required 
direction. Tooled-faced stones may bo used for ordinary' dry floors, and quarry -facod stones for 
exterior pavements. 

Thick paving tiles are now frequently nsod for ground floors ; they should be laid on a bod of 
mortar on a substratum of concrete and jointed with fine mortar. From the small size and softer 
material of the tiles, they do not generally form so durable or even wearing a floor us flag-stones. 

That which is technically termed paving in London is wlint is used for heavy carriage traffic, 
and is mnde with small hard stone*, about 9 in. square and 9 in. thick, set together on edge; the 
stones are dressed slightly to a wedge form, ami as the roadway is generally laid with a slight 
curve, they form a rude kind of arch. Where no hard substratum exists, they should l>e laid on 
from 6 to 9 in. of concrete; the stones should be set dry. as close ns possible, and grouted with 
coarse liquid mortar. Granite and siliceous stones form the best paving of this description ; lime- 
stones wear too smooth. 

Pavements of • Stables. — The requirements in the flooring of a stable are that it should bo as level 
ns the necessary drainage will admit of, hard and not too smooth, and impervious to water. Hard- 
burnt bricks made in a machine so as to bo uniform in shajs?, and chamfered on the upper edge so 
as to give a rough surface, form perhaps the Iswt flooring for a stable. They should be laid on a 
few inches of concrete, according to the substratum, and jointed with cement. Granite paving- 
stones, cut carefully to shape and with an even upj)or edge, form a good and durable jmvenient ; 
thev should be laid on concrete and jointed with cement. 

The pavement of each stall should l>o laid with a slight slope from each side toward* the centre 
of the stall, where there should be an open drain with a slojw to the rear into a longitudinal drain 
running along the outside of the heel-posts. The beat construction for these open drains is to cut 
a brnatf shallow channel from 6 in. to 12 in. wide in a solid stone, nud lay these stones very care- 
fully to the required slope of the drain. There should be no covered drains inside a military 
stable. 

The temix'i floors used in Italy at tho present day are made in the following manner; — 1st 
coat ; a concrete consisting of common lime sand and fine gravel laid fi in. thick and well 
beaten with wooden rammers; after two days in that climate, it is sufficiently dry for tho next 
coat. 

2nd coat; a terrain , consisting of pounded brick or tilo common lime J, sand £, of the con- 
sistency of mortar, laid 1} in. thick, well beaten with a light flat rammer. After two or three 
days it is hard enough for the next coat. 

3rd coat ; a similar terrain, but with the grit of broken stones instead of sand in it, laid on 
like a coat of plaster with a trowel. After this has been laid for one day, a layer of small linrd 
broken stones is pressed into it; these stones should be of some substance that will take a polish, 
and be of uniform size (they are passed through a gravel screen) of about a walnut ; these being 
afterwards rubbed to a smooth even surface with some smooth hard stone, font) a kiud of mosaic- 
work ; the stones are frequently selected by colour, and laid in the third coat to a rough pattern. 
They should t>e moistened with oil or water till liard ret 

The French use these concrete floors both on the grouud floor and upper floors : in the latter 
case on boards nud joists. When on the ground floor, it is made with beton 0*" *15 to 0“‘20 
thick: when on boards, it is 0™'5 thick, and is made with plaster of Paris. 

Asphalte floors are now commonly used in England for light traffic. Tho nsphalte is formed 
and laid very similarly both for floors and roof coverings ; but for floors the mixture is coarser and 
thicker. When applied to a floor, a foundation of common coarse concrete is laid 3 or 4 in. thick, 
according to the traffic; on this, when set, a thin layer of flne concrete is laid with a very even 
surface, and when this is quite dry, the cakes of asphalte Are melted, and a layer of it, about A in. 
thick, is poured on with ladles ana reduced to an even surface by hand with a small board. The 
whole area is laid in breadths of about 3 or 4 ft. at a time, each ladleful being enough to cover 
that breadth of 3 or 4 ft. for a length of about 18 in. The liquid asphalte is kept iti its place by 
strips of wood along the edges; thus there are series of joints or scams all across the area covered, 
which are part* liable to cracks and leaks ; therefore, in floors and roofs where it is a matter of 
importance to keep out the damp, it is desirable to have two layers of asphalte, the joints of the 
upper layer occurring over the spaces of the lower layer. For light foot traffic, or for tho protection 
ot the asphalte against the snn, onArse sand is sprinkled over it while it is soft; for heavier traffic, 
it is necessary to mix grit or broken stone with the asphalte before laying it on, and to lay it 1 in. 
thick and upwards. 

It is very neoesearv that tho layer of fine concrete should bo quite dry, otherwise the hot 
asphalte will convert the moisture into steam, and cause blisters on its surface. 

The disadvantages of an asphalte floor are, that its general low temperature rankes it a cold 
floor, and by condensing the moisture of the room on it, a damp floor ; and that it is liable to 
crack and become broken in boles, and is difficult aiul expensive to repair. 

Tar Pavement. — This is a mixture of tar, chalk or lime, and broken stones or Hand. It is a 
concrete more or less flue, according to the traffic of the roadway on which it is to bo laid, and in 

3 x 2 


Digitized by Google 



1044 


CONSTRUCTION. 


which tar ami lime or chalk take the place of the lime ami sand of ordinary concrete. It is too 
soft, especially in hot weather, to be applicable to heavy carriage traffic; but for light carriage 
traffic and foot traffic it makes a good and tolerably durable road covering. For carriage traffic 
the stones should la* about the size used for macadamizing; they should be coated with or snaked 
in tar. and then mixed on the rood with the tar and lime or chalk. A coating of tsand should bo 
strewed over the aurfnee while the tar is soft, and the road should bo well rolled. In forming 
a pathway, a layer of the tar pavement made with small broken stones should la* laid down 
first, and over that a layer made with Band; the surface should be strewed with sand and well 
rolled. 

Weight of Floors * — T red go Id gives the following Table of the weight of ordinary wooden 
floors; — 


lbs. a square of 100 sq. ft 


Singlc-joisted, without counter-flooring 1260 to 2000 

Doable-famed floor, with counter-flooring 2500 „ 4000 

Wooden partitions 1480 „ 2000 


It is evident that these weight* are intended to include the ordinary moving weight which the 
floor of a common living room would have to support; for it ha* been ascertained by experiment 
at Chatham that the weight of soldiers standing in the ranks, armed and accoutred, is about 
M lba. a square foot, which is as much as the floor of an ordinary living room would be exposed 
to. The weight of men unarmed ami jmcked as closely together as conveniently practicable, and 
which is the heaviest moving weight a floor could l>c subject to, except, perliaps, of some excep- 
tionable carriage, is 110 lba. a sciuare font. The weight of corn stacked on a floor in hulk and 
10 ft. high, is 500 lbs. a square foot, and that is the heaviest weight the floor of a general store- 
house is ever likely to lx» subject to, for it is assumed that such articles as guns, shot, and heavy 
gun-carriages and platforms would be placed on the ground floor of a storehouse. Corn, however, 
is seldom stacked more than 4 ft. high. 

Doors, Windows, and Stairs . — The great difference between the principles of the framing of 
large timbers required in roofs ami floors, and the joining of small pieces to form doors anil 
windows, and such like fittings, is that in the former the main object is to direct and resist great 
strains; in the latter, the main object is to make close-fitting joints and smooth surfaces. This 
difference between the two systems has caused this trade in Kngland to be divided into two 
bronchos — the carpenter proper, and the joiner; the former dealing chiefly with heavy framework 
and rough timbers, the latter with fine woods in small pieces fitting nicely together. The joiner 
uses finer kinds of wood, more carefully selected and better seasoned. 

In all kinds of joiners’ work one of the chief objects is to reduce the framing into narrow pieces 
of wood, so that the work may not be sensibly affected by the shrinking ; for timber in joiners* 
work, however well selected, is almost certain to contract when exposed to the constant dry warm 
atmosphere of a living room, and the chief shrinkage is laterally, and not longitudinally. There- 
fore panels of framing for doors, and the like, should not be more than 15 in. wide and 4 ft. long. 
Woodwork in joinery is connected together generally by mortices and tenons. The tenons and 
mortices should 1 j« very truly made, or there will Ixi a danger of one of them splitting w hen the 
ports are brought together ; tenons should be about $ the thickness of the timber, and their width 
should not exceed five times the thickness, otherwise they are liable to bend or warp: therefore, 
with wide pieces of timl>er, two tenons and mortices should be made. Sometimes pieces of wood 
in joinery ore keyed together with small wedge-shaped pieces of hard wood, as in the curved ril*s 
of small arches. Tredgold recommends screw-bolts in preference. Sometimes piece* are framed 
together with doretailnt joints, as in the sides of boxes: the dovetailed mortice and tenon-joint, 
which is disadvantageous in large framework, is useful and effective in joinery. 

Doors .— The door and the door-frame are two distinct jiarts of this house-fitting. The door- 
frame consists essentially of four nieces, two vortical pieces, called stanchions or posts, and a top 
sill or lintel, and a ground sill. For external doors, the posts ore generally of solid timber cut 
with a rebate on the inner fares for the door to shut against ; the top sill or lintel is almost always 
of solid timber, as even if it has no superincumbent weight to cam', which it should not have, the 
stability of the door depends much on the beading of the top sill into the wall. The ground sill is 
generally of hard worst or stone, in order to withstand the wear of the traffic. The framing toge- 
ther of these four pieces is done in the manner of ordinary carpenters’ framing, and the timber is 
generally wrought or planed. It is fixed in the reveal constructed in the wall to keep the wind 
and rain from jiassing between the frame and the wall; hence an external door always opens 
inwards, an arrangement suitable both for convenience ami defence. The? frame of an internal 
door may be made in the same manner ns that of an external door, and set in a reveal in the wall ; 
but it is usual in ordinary houses to line the whole of the door owning in the wall with wood for 
the sake of api>enrancc, and the vortical and top pieces of this lining are used ns the pouts and 
top sill of the door-frame ; hence an internal door-fame is a kind of box, the pieces of which are 
dovetailed together, anil are thick enough to allow of a rebate being cut in them for the door to 
shut against. As the efficiency of a door-frame depend* more on its stiffness than its strength, 
the scantlings should never lx* very smnll ; probably 3x3 in. is the smallest cnxw-wvtion that 
should lie given to any solid door-frnine ; and a barrack solid door-frame should be 4 x 4 in. An 
internal door should be flush with the wall of the mom it leads into, and should open into the 
room. 

The door itself is corajxwed of n frame of four nr more pieces, consisting of two vertical, called 
style*, cue horizontal at the top and bottom, called the top rail and bottom rail, and oue or more 
intermediate horizoutnl pieces, called the lock rail and frieze mils, and sometimes an intermediate 
stylo to reduce the breadth of the panelling. According to the mode of filling in this framework, 
the door receives it* technical name. The rails are framed in between the styles with common 
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mortices ami tenons, driven up tight with little wooden wedges. The intermediate styles aro 
framed in between the mils. The tilling in is sometimes of l*onnls or battens nailed against the 
framework, or let in flush with the framework on one side; this method is generally used with 
common doors, as for barrack -rooms, and is called a framed and battened d<xtr. Sometimes the 
Ailing in is of thin |suit:ls of wood morticed into the frame witli a continuous groove all round; 
this is used with doors of more important moms, and is called a framed anti panelled door. It is the 
strongest description for ordinary pursues. In large battened doors a diagonal brace is some- 
times introduced, extending from the upper outer corner to the lower inner corner. 

The thickness of the framework determines the strength and weight of the door; 2 inches is 
sufficient for the framework of barrack-room doom, and 1J in. for common living-room doors. The 
width of the framework is more a question of appearance. Tredgold soys it is commonly abont 
\ that of the panel. The lock mil is generally wider than the others. 

The mouldings and ornamentation of doors are questions utmost entirely of appearance, and 
not of construction. Sometimes the panelling is flush witli the framework on one side, and there- 
fore sunk on the other ; sometimes & double pauelling is inserted, so os to make them flush on both 
sides; sometimes the edges of the sunk part are square, uud sometimes moulded. That moulded 
woodwork, which extends round the door-frame or door-open i ng, and which is commonly called 
the architrave, is chiefly for effect, its only constructive use being to form a stop or fluish to tho 
plastering of the wall, covering its junction with the door-frame. 

Panelling . — There are seveml other fittings in tho interior of houses which arc mode by tho 
joiner, such as skirtings, door and window linings, shutters, wainscotting, and so on. Most of 
these ore constructed of a framework filial in witli hoards, and therefore tho principles of the con- 
struction of doors applv to almost all of them. A thirling is the kind of pliuth or base, generally 
of wood, which extends round the walls of a room at their junction with the floor; its construc- 
tive object is to cover the junction of the floor w ith the w'alls, but for the sake of effect is com- 
monly enlarged much beyond the requirements of that purpose. It consists commonly of a 
wooden board framed to battens fixed to the wood bricks built for this object into the wall. The 
battens are called grounds. They should bo carefully fixed, as ou them dej*ends the accuracy of 
the finished work. The boards of the skirting, as in the cose of all panel-work, should bo no fixed 
ns to allow for eSMSfloO ami contrnetiou wit hunt splitting. Tongueing and grooving is the best 
mellusl for this object; one side of a skirting board may be fixed, and the other let in with a 
groove and tongue. 

In barrack-rooms a skirting is frequently mode with a flat wrought-iron bur fastened to tho 
floor; this would not bo sufficient in rooms the walls of which aru liable to bo injured by the feet 
of the inhabitants. 

Window ami door linin'}* and shutters and t minseotting are constructed on the same principle as 
doors, with framing filled in with panelling. The linings and wainscotting are fixed to grounds, 
the shutters ore hung to the window or door frames. Wainscotting is the term upplied to the 
lining of walls with woodwork, because when it was generally used, before plastering was much 
adopted, the commoucr kind of oak, culled wainscot oak, was used for it. The linin'} of wads and 
other |»arts of houses may be made with boards laid like those of a floor. The framework, when 
there is a masonry wall, need consist only of battens fixed to that wall at intervals of about 2 ft. 
The principles of laying floor boards apply also to liniug boards ; they should be narrow, and 
grooved and tongued or filleted, and it is more convenient and economical to lay them horizontally 
than vertically. With walls cnfn|io«ed entirely of wood-framing the vertical posts should be at 
aliout 1 ft. iqiart, in order to prevent as much as possible the warping of the boards; the boards 
should he of well-seasoned timber, to reduce os far as practicable the inevitable shrinking which 
takes place in timber exposed to the warm dry air of rooms. The exterior covering of such woodeu 
walls is frequently made of boards; but in order to carry off the rain, it is necessary to lay them 
horizontally and with a small overlap. This is done either by cutting a kind of rebute in tho 
lower edges of the boards, the shoulder of which fits ou to the upper edge of the bounl below, or 
by bevelling the inner face of the lower edges, and tho outer face of upper edges, so as to avoid a 
great projection. An overlap of g in. is sufficient if the timber is good und properly fixed. 

Windows . — There are two ordinary methods of arranging the opening of windows, requiring 
two kinds of construction. 

1st. The slidmg sash, in which tho window slides vertically up and down in its frame, being 
counterbalanced by two weights, one on each side, moving in boxes made in the frames and con- 
nected with the windows by cords (tossing over pulleys at the top. This is the method commonly 
used in England, and is the most effective one in climates of much wind and rain. There is a 
window-frame, just as there is n door-frame, for the windows to work in, and this is mode of four 
pieces, like a door-frame, two side pieces, a top sill, and a bottom sill. The side pieces, instead of 
being solid, consist of the boxes before mentioned, or cutes ns they are called, made of thin boards, 
the sides of which project slightly towards the window, forming a kind of groove for the window 
to slide in. The top and bottom sills are cut with a rebate for the window to shut against, and the 
bottom sill is weathered - — that is, slojx'd on its upper surface, to carry off the rain. The bottom sill 
is generally of hard wood, on account of its cx(H«»urc to wet, it rests on the Btone sill. Tho frame 
is made by the carpenter, and fixed in its place by the mason or bricklayer. 

The window, or sash, as the joiner culls it, is inode like a door, of a frame of four pieces, two 
stylos and two rails; they are put together on the same principles os in a door; the intermediate 
pieces to hold the panes an? called sash-bars ; the vertical sash-bars extend continuously from 
top to bottom ; the horizontal liars aro framed in between them. The liars ami frumc-piooos are 
cut with a rebate on the outer sides, forming a shoulder against which the glnss is laid; the 
under-side of the bottom rail is bevelled to lit tho weathcriug of the bottom sill of the window- 
frame. 

When the window is iu two separate pieces, or is hnnj double, having an upper and a lower 
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aojjh, each piece is hung separately to a pair of counterbalancing weights; the upper sash slides 
downwards to Open, and the lower sash slides upwards, the up|>er one being plactMl outside tho 
lower one for this object portly. Tho meeting rails of the two sashes are cut with a bevel on the 
inner and outer edges respectively, iu order that they may fit quite closely when shut. 

The size of the jsuios or intervals of the sash-bars are determined by the most convenient and 
economical sizes of glass which can bo obtained. The pulleys of the counterbalancing weights 
ore generally made of brass, and the weights of lead, and tho cords of a small white roj>e called 
sash-cord. Tho only other fastening rcquiml is one connecting the two meeting rails together, 
which should lie such that when open it shall not interfere with the movement of tho sash ; it is 
partly for convenience of arrangement of this fastening that the upper sash is placed outside the 
lower one. 

2nd. Casement Window. — Tho second method of opening windows is that generally used on the 
Continent, of hanging them with hinges to the frame to open like a door. It is very difficult to 
keep out the weather with this method. The window-frame is in this case solid, and is cut with 
rebates on the side pieces and sills for the windows to shut against, otherwise the frame is mado 
on the same principles as a door-frame. Tho window is generally divided in two j»arts or haves 
vertically, like a folding door, in order to reduce the breadth of the moving part. Each part is 
mode of a frame of four pieces with sash-bars ; but in this case tho horizontal liars should extend 
continuously through, and the vertical liars should be framed in between them. Several different 
methods have been proponed of forming the rehab* and the junction of the two centre styles, with 
the object of effectually keeping out the rain and wind ; the most effective appears to be to mako 
a curved groove in one jiart, and a corresponding curved tongue or projection on the other, so as to 
fit close to each other when shut. 

Besides tho hinges, a fastening similar to a door lock and bolts are required for this window. 

Another method of arranging the opening of a window, common in factories, is by swinging it 
on two horizontal pivots in the side styles, a little abovo the centre of their height, so that it is 
o|H‘mti and shut by moans of two lines, one from the top rail and one from tho bottom, the upper 
part opening inwards and the lower part opening outwards. This is. therefore, an advantageous 
plan for windows out of ordinary reach of hand. The horizontal sash-bars in this window should 
extend continuously across, and there should be a centre rail to hold the two pivots. It is easier 
to make this window water-tight than the casement window, because a rebate forming ati effective 
stop can he put in tho inner side of the top part and the outer side of the bottom part. It is not 
applicable to large windows, on account of tho strain from the mode of hanging. 

The weight and strength of a window depends much on the thickness of the woodwork, as in 
the case of a door; 1^ in. is a suitable thickness for an ordinary barrack-window. Tho sash-bars 
are generally the same thickness as the frame. 

tikylights . — This is the name given to windows formed in tho roof of a house, and more or less 
corres p onding to the alope of the roof. The difference between that and the ordinary vertical 
window is, that being on a slope the framework must be stronger to resist the greater transverse 
strain, and that the gloss must lie fixes! in such a manner as to allow tho rain to run off. Sky- 
lights in general arc not made to open; when they are required to open, it adds considerably to 
the difficulty of construction. In order to carry off the rain, all the sash-bars should lie down the 
slope of the roof, and the gloss panes should overlap each other like slates, without any cross-bars. 
The panes are kept in their places by the friction aud putty in the grooves cut for them in the 
side sash-bars, ami by small metal clips suspending the bottom of one {tone to the top of the ono 
below it, the bottom panes of all being sustained by nails or clip* to the bottom rail. To connoct 
the sides of the skylight together, iron rods or bars are passed through the bars horizontally. 
The frame of a skylight is fastened to the beams of the roof, and should project 3 or 4 in. above 
the roof covering. The styles and rails of the skylight itself should project over the frame, and 
have a deep rebate cut in or a projecting piece fastened on to tho outer odge to close over tho 
frame. A lead flashing should be laid round tho outside of the frame and under tho roof covering 
on all sides. When the skylight is required to open, tho woodwork should be stronger and the 
rebate* or projecting stops deeper, and a strip of lead should be laid rouud the style* and rail* 
hanging down over the lead Hashing on tho sides of the frame. 

The pam* should be so wide that the sash-bars will necessarily require to be of considerable 
depth to iurry their weight, and thus become in fact descriptions of rafters; by which arrange- 
ment an additional system of bearers will probably lie saved. They should also be of a size that 
will allow of an economical division of the sheet of glass of the ordinary dimensions of which tho 
particular glass used is made, and not too large to be expensive in renewing. 

Dimensions of Doan and Window < — Doors . — The minimum width for a door of a living room is 
that through which a man can conveniently (mss; that is to say, about 2 ft. There are few internal 
doom less than 2 ft. 9 in. in width; those of the soldiers’ Wrack-rooms in Brompton Barracks are 
3 ft. 7 in. ; they are too large for one man and too small for two, and form very heavy doors. Those 
of the single officers’ quarters are 3 ft. 3 in. wide, and are large and heavy doors. When doors are 
m|uired to exceed 8 ft. in width, it is better to hang them in two leave*, meeting in tho centre, or 
folding, ns it is technically termed, in order to reduce tho weight of tho door. The weight of a door, 
besides being a question of convenience, is often a cause of injury from the strains caused by it. 
The exterior door* of the soldier*’ houses in Brompton Barracks are 3 ft. 10 in. wide, and 
folding. They are sufficiently wide to allow two men to pass, which should bo tho ease with all 
exterior doors of soldiers’ quarters. The minimum height for a door of a living loom is 6 ft. 3 im, 
but barrack-room doors should Ikj 7 ft. high, to allow for the |«i**age of soldiers with their chaco* 
on. Those in Brompton Barracks are 7 ft. 7 in. high. The exterior doors of barracks should bo 
8 ft. high, to allow soldiers to march in or out with bayonets fixed. 

The following extract from Chambers on Decorative Architecture and from Renaud show 
the dimension* of doors, recommended by those authors on tho double grounds of convenience 
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un<) Utauly of proportion. Tho dimensions of doom are muwuml from out to out of tlio door 
itself. 

General dimensions for breadth of doors ; — e 

.Minimum. Maximum. 



It 

in. 

ft 


Internal doors 

2 

y 

3 

0 

External doors 

3 

6 

t» 

0 

„ for churches 

<; 

0 

12 

0 

Gates 

0 

0 

.. 20 

0 


(From Hickman'* ‘Gothic Architecture*): — 

Gothic (decorated) doors, height to crown equal 2| time* the breadth. 
(From llcnnud, * Cours d’architccturc ') ; — Hrakdih. 


IVIow. Above. Ilpiprlie 

Door* of the Krecthimim Temple, Athena .. 2*44 2* 85 5*21 metre*. 

Palazzo Massini (Home, Peruzzi, 1500) .. 2*170 2*170 4*(H „ 

Tlie height* of door* vary from 2 to 2$ the breadth*. 

Window. — The width of n window between the frame is generally a question of appearance and 
of the di*trihution of the light in a mom; the maximum limit, a* far as construction i* concerned, 
being that which can lie conveniently opened. 

The following extract* from Chambers and Renaud give the principal considerations, as far oa 
appearance is concerned, for the dimensions of windows. 

iHtnensions of IfiWiwi. — Palladio agrees with Vitruvius that the height between the floor and 
the ceiling should be divided into 3| parts, and that the height of the window should be two of 
those i*irt* and the breadth 1£ part. 

Vitruvius says the breadth of windows should be from 1 to | the breadth of the room, and the 
height 2} times the breadth. 

James Morris’ rule for window-space ; — Tho total area of light = Vctibic content of room. 

Chambers' rule; — Breadth of window = l (breadth -f height of room). 

The window-sill should l>e at such a height from the floor as will enable a person to lean on it. 
The breadth of the windows in upper stories should be the same as those of the lower stories. Tho 
breadth of the interval between windows should be from 1 to 2 times the breadth of windows; the 
end interval should Ire at least equal to breadth of window. Palladio says the jambH (or reveals) 
should be from £ to | breadth of window. 

From Renaud ; — 

Brnwlih. Height 

Windows in the Louvre, Paris, P. Lescot 1 *055 4*557 metros. 

From Hickman Gothic decorated windows ; height to crown equal 2j, 2 j, and 2} times tho 
breadth. 

The heights of wiudows vary from 2 to 2} times the brcadtli*. 

These rules give windows of greater width than is convenient for opening in one piece, but tho 
practice in modem houses is to employ the large widths based no doubt on these rules for the sake 
of the appearance, notwithstanding the iucouvcniencc. In the casement window the effect of tho 
grunt width is quite taken off by constructing the window in two leaves or folding^ thus forming 
a broad dividing style in the centre. The casement window also admits of the ojs-ning jiart being 
further reduced in size, bv placing a rail or transom, as it is called, at a convenient height from tho 
both un, dividing the window into two parts ; the upper port being fixod or opening independently 
of the lower. 

It is an important consideration in barracks to make windows of a size convenient for opening, 
and for construction and repair ; and although it is probably more effective to introduce light into 
a room through os largo area as possible, the purposes of ventilation require a distribution of tho 
o|M*nings throughout the walls of the room, and the convenience of the men also requires a general 
distribution of the window-sjioee. Further, it is recommended by the Sanitary Commissioners that 
windows should extend as nearly as construction admit* to the ceiling, for the sake of ventilation. 
All these considerations taken together are in favour of employing narrower windows than tlioso 
usual in modem English buildings, and of obtaining the necesMary area of light opening, by 
increasing the height, at the loss of tho ordinary proportion between breadth and height recom- 
mended by Chandlers and Renaud. 

In hospitals and places where light and ventilation arc of more importance, the necessary area 
of light o|>cning might lie obtained by a row of small windows near the ceiling, thereby allow- 
ing the lower ordinary windows to be reduced to the ordinary proportion between breadth and 
height. 

Stairs. — Tho following are tho technical names for the parts of stairs 

Ftiyht is tho term for one continued scries of step* without any break. 

Lamting is the level flat between two flights. 

Tread is tho horizontal surface of a step. 

Riser is the vortical part between two steps. 

Winders arc tho winding steps round a curve when there is no landing. 

Stone Stairs. — The most simple arrangement for the construction of stain is to build two parallel 
walls, to carry the ends of the stones forming tho steps, and if the width of the stairs is great, to 
build intermediate parallel walls underneath the steps to support them. In this case the stones 
are subject to scarcely any transverse strain if they are properly laid. It frequently happens, 
however, that the arrangumentsof the house prevent the employment of two parallel walls; in such 
cases ouu cud ualy of tho stone step is let into tho side wall, leaving the other cud unsupjxjrted. 
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excepting that the outer and lower edge ratoon the inner and upper edge of the stone below; this, 
theoretically, gives a support to each stone from bottom to top of the stairs; practically there is u 
certain amount of transverse strain even when extraordinary rare is taken with the laying. To 
ensure a good bearing of the upper stones on the under, the bearing edges are cut with a bevel, 
which ftnmud recommends should be 4 the height of the step; he also recommends the bearing of 
the step on the wall to bo 0"‘20 for ordinary steps. When, on account of the arrangement* of the 
house the stops wind round to change their direction, the theoretical supjiort of each on the step 
below is still greater, and becomes complete when the steps form n continuous spiral stair round a 
common centre. In this latter caw*, the inner ends of the stones are sometimes cut with cylindrical 
heads, which, resting on each other, form a continuous column from bottom to top. Sometimes 
the inner edges are cut abort of the centre, so that they do not rest vertically over each other, but 
form a kind of inner spiral, leaving a small well-bole in the centre from top to bottom. 

In barracks of more than two stories, the stem of the lower story should be of stone, on account 
of the greater wear upon them. It is desirable that all stairs in barracks should be of stone in 
order to l>e fireproof. The stono should not be a limestone or any stone that will wear to a very 
smooth surface ; such steps, after they become slightly worn, are dangerous fur men to descend 
quickly. 

Wooden Stair*. — (Stairs may be constructed of wood in the same manner as of Btone; but for tho 
sake of economy it is usual to take advantage of the elasticity of the material and construct them 
as follows : — 

Two or more strong Irams are fixed at the slope determined on for the stairs, framed into tho 
beams of the floor below and into those of tho floor ubove, or into some loams specially provided if 
there should be a landing. The sloping beams are called bearer* or strings. Their upper edges 
are cut into vertical or horizontal notches to correspond with the risers and triads of the steiw; 
sometimes Irani* are fixed to the bearers parallel to and projecting above them, and the notches 
are cut in them instead of in the beam* themselves. The steps are formed with boards, a vertical 
board for the riser and a horizontal board for the tread of each step ; these are framed together with 
a special tongue and groove joint ; the tread-board projects over the riser and is finished with a 
rounded head or nosing. The tread-board is also framed with the riser of the step next above it. 
Tho triad* of barrack-stair* should be made of hard wood, and be at least 1$ in. thick to witlmtand 
tho wear ; the risers should be at least 1 in. thick : with such dimensions the bearers of an ordinary 
stair may lie about 4 ft. apart. 

When there is a landing at some intermediate part between two floors, horizontal beams aro 
fixed in tho wall, to carry it and the bearers of the stair ; these beams are like the joists of a floor, 
and are covered with boards in the same manner. When there is no flat landing, hut the steps wind 
round a central well-hole to change tho direction of the stairs, a horizontal beam to curry each 
winding step is fixed into the wall, and framed into one or inoro vertical jrats about the well-hole : 
these posts are not necessarily supported from the floor below. Or sometimes a cuiwed and winding 
bearer is specially constructed for this part of the stair. The treads of this part are necessarily 
wider nt the outer end than at the inner, according to the degree of wiuding. When no wall is 
close enough to be available, tbe joists of the landing must be supported by vertical posts from the 
floor below. 

J/andraih . — A convenient height for the handrail of a stair is about 3 ft. from the surface of the 
trends. The upper surface of it should be semicircular and about 2$ in. diameter ; it should lie 
continuous without break of any kind from top to l*>ttom of the stairs. Tho Baluster* which sup- 
j*ort the handrail are sometimes also intended to fill up the sjace between it and the stairs, so as 
to prevent any one falling through. When for the former object only, as is generally the case in 
imrrack*, the fewer balusters there are tbe better, as they are very liable to injury and so cause 
ex]icn*c either to the public or the soldier in repair ; for this raison it is better to liave a few strong 
iwsts well framed into and connected by iron strap* with the bearer* of the stair. In private 
houses where the balusters are generally required to fill up the space, the ordinary practice is to 
make them square wooden bars of small size, and to place iron balusters of the same size at 
intervals to strengthen the whole structure. But in all public buildings, e*i»cciiil]y in military 
buildings, it is desirable to use (ml us tern of a much larger size, and more firmly fixed to tbe stairs, 
and at just sufficient interval to prevent children falling through. 

lHmenxions of Stair *. — Tread* and Jitter*. — The proper angle of inclination for a utair, that is, tho 
height of the riser anil breadth of the tread, is that which will enable a person to ascend it with tho 
least fatigue. The theoretical rule for determining this originated apimn-ntly with the French 
architect Blondcl, and is based on the supposition, that as there is a certain length of jmeo w hich 
is hast fatiguing to a man on level ground, there is also a certain interval between the rungs of a 
vertical ladder w hich can be ascended w ith the same ease. Assuming this proposition and assuming 
the average length of pace and vertical interval of rungs, this oquatiou will then give the breadth 
of tread for any assumed height of riser in a stair. 

jj j If = horizontal distance of each step. 

A = H — *=jJM Ps vertical height which can be 
* ( ascended with equal ease. 

^ | = tread and riser required. 

M. Itenaud assumes the length of the pace of an ordinary man on level ground to lx* O'"* 04 ; and 
that he can ascend a vertical ladder with equal ease when the steps are O" 1 * 82 apart. Consequently 
by this rule the breadth of liny step pin* twice its height ought always to be equal to 0 m *64. This 
rule is however not true either theoretically or practically. M. Kcnaud says that in Paris 
experience ha* restricted the height of steps betwecu O"* • 1 1 and 0°“ 19, w hich by theprieodiug rule 
gives for the breadth 0“*42 and 0 B ”26. Low stejis are not absolutely an advantage, because there 
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are more of them to fine to a given height. When the total height is considerable the latter dimen- 
sion is preferable ; when it w a stair of one Might only, the former in la tter. In ordinary dwelling- 
houses the heights are generally between O'" ■ 10 and 0® • 17, and the breadths consequently between 
©*•32 ami 0“*30. 

The above dimensions correspond very nearly with those used in England in ordinary house*. 
In lirouipton Barracks, Chatham, in the soldiers’ stairs, the risers are 7$ in. and the treads are 10| in., 
which latter is too narrow for a man to descend rapidly with safety ; 12.j in. would be better, though 
it might make the ascent a little more lal>orious. The breadth of the tread must be measured from 
nosing to nosing of step, and the height from surface to surface of tread. 

Width of Stair . — The minimum width for the stair of an ordinary house is that which will admit 
of the passage of a man, that is to soy about 2 ft. Itenaud mentions a spiral stair of which the 
diameter was l™ •21). Thu ordinary width for a barrack stair is that which will allow two men 
armed to pass each other conveniently ; the barrack stairs in Bromptou Barracks are 4' 2" wide, 
which is not sufficient for two men to ]>osm ; 5 ft. would probably be enough. The maximum width 
for a stair is a question rather of effect than of convenience. The width should be measured inside 
the balusters. 

Site of Flight . — It is not desirable or generally convenient to have a stair between two floors in 
one continuous flight or even in one straight line with an intermediate landing: considering con- 
venience and effect together it seems desirable to limit the height of one flight to about 7 ft., and 
to avoid having two flights in one direction. 

lAith and Flatter . — The piaster used for covering the walls of buildings is n mortar oomfiostHl of 
various kinds of limes or cements, and various descriptions of sand, mixed in various proportions 
and generally with a little hair or some such material to give it a little more elasticity. It is luid 
on by hand with a trowel in several thicknesses of about | to $ in. each, and either on the baro 
masonry wall or on a special screen of lathing made for it, to either of which it adheres by entering 
into and keying itself in the joints and openings and by its adhesive quality. With some variations 
iu the materials and mixing, it is used for exterior and interior work and for ceilings. That material 
which is more properly called plaster , or plaster of Parity namely, the sulphate of liiuo obtained by 
burning gypsum is commonly used for mouldings and ornamental work ; several cements are now 
made in England for that same branch of the work. 

The constructive advantages in the use of plaster for covering walls and ceilings are chiefly 
connected with dryness and cleanliness, otherw ise the chief object of it is for the effect of a smooth 
surface and ns a prejjamtion for ornamental ]*ainting. For the purpose of assisting to keep the 
interior of the rooms of a house dry, it is advantageous to employ lathing, which being detached from 
the masonry of the walls forms a lining distinct iu itself and not liable to the effect of any moisturu 
which may lie in the walls, and which would in time destroy the plaster if placed on the walls them- 
selves, or if the plaster should be made with hydraulic lime would tend to separate it from the 
walls and always keep it damp and cold. 

The following extracts from the article on Building, by Hosking, in the Encyclopaedia 
Britaunica, and from other sources, explain the ordinary method or formiug a luth-and-plaster lining 
to a wall or ceiling iu England ; — 

Different kiwis of Plaster used. — Coarse stuff is coiiqioscd of a mortar made of equal parts of 
lime and sand and clean long ox hair ; 1 lb. of hair to 3 cub. ft. of mortar is the usual projjortion. 
The hair should be as long as it can be procured and free from grease and dirt, ami as finely sepa- 
rated in the mortar ns possible. Nothing but clean sharp sand should lie used with this lime and 
hair in the composition of this any more than of building mortar. Fine stuff is a mortar made 
of fine white lime exceedingly well slaked with water, or rather formed into a paste in water to 
make the slaking complete : for some purposes a small quantity of lmir is mixed up with it. Fiue 
stuff very carefully prepared, and so completely macerated as to he belli in solution iu water, which 
is allowed to evaporate till it is of sufficient consistence for working, is called jrutty, plasterers’ 
putty. Gauged stuff is composed of jf of this putty and $ calcined gypsum or plaster of Paris ; 
this must be mixed in small quantities at a time, as the gypsum causes it to set rapidly. Couiuvat 
stucco is composed of J clean sharp suml and $ lime. Bastard stucco is composed of j[ fine stuff, 
without hair, and £ of very fine clean sand. 

All kinds of limes and cements may be used for plaster; with respect to tho quantity of sand 
they will bear, see the article on Lime and Mortar. Where tho plastering is intended to hold 
water, as in a tank, it is evidently necessary that a hydraulic lime should be used. 

Lathing. — Before the plasterer Ix-gins to lath a ceiling he proves the under face of the joists by tho 
application of a long straight-edge, and brings them all to one horizontal plane. This is done by 
nailing on strips of wood, and is k called fining. If it be a framed floor it is tolerably sure to bo 
straight ; when the ceiling joists are fastened to the binding joists of the room above, nothing of this 
kind isnecesBary. It is an im()ortant point to bo attended to in plastering ou laths, and in ceilings 
particularly, that the laths should be attached to as small a surface of timber os possible, because 
the plaster is borne not so much by its adhesion to the wood, but by the keying of it between and 
behind the laths. Under a single floor in which the joists ure necessarily thick a narrow fillet 
should bo nailed along tho middle of tho whole length. Plasterers' laths ore narrow strips of some 
straight-grained wood (generally fir in England), split with an axe to givo roughness of surface, 
and cut into lengths of 3 or 4 ft., about 1 in. broad, and A or $ iu. thick. These are single laths ; 
double laths are • in. thick. Lath nails are either wrought, cut, or cast, varying iu length to suit 
the singlo or double laths : east nails arc commonly used in England. The laths are laid in 
course* or boys, and these should break joint over the whole surface of the ceiling ; the rows of laths 
are about $ in. apart, and there is one nail in the centre and one at each cud, which latter also 
secures the ends of the adjacent laths in the same row. 

In lathing on walls the bonding of the bays of lathing is not of so much importance, nor is tho 
breadth of the timbers behind the lathing, because the toothing which the thickness of the lath 
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itself affords to the plaster is sufficient to support it vertically. The laths for walls may be weaker 
than those for ceilings ; weak laths in a ceiling are sure to produce inequalities by sagging to tho 
weight attached to them. When the lathing is on a wall, the timbers to which it is fixed, being 
supported by the wall, need only be battens of If to 2} in. thick, which are fixed to wood bricks in 
the wall, their object being both to supjiort the lathing aud to provide a space between the plaster 
and the wall, so that they shall not come into contact. 

Laid and set is the technical term for two coats of plaster on laths. Tho first coat is a thick coat 
of emirs* stuff of a consistency thin enough to pass between the laths and form a key behind, and 
stiff enough not to fall apart in the operation, a contingency which not unfroqncntly occurs in 
practice, in consequence of the workmen using thin mortar in order tp avoid the extra labour of 
working stiff mortar through the latter. It is put on with a trowel, and when sufficiently dry is 
swept with a birch broom to roughen its surface. The secoud coat is a thin ooat of fine stuff, and is 
put on with a trowel with the assistance of a hog’s-liristle brush to keep tho surface of tho second 
coat wet while the operation is going on. If the first ooat has beoome very dry it must be wetted, 
or the second coat in drying will shrink from it. 

Plaster , float and set is the term for throe coats of plaster on laths. The first or pricking-up coat 
is of coarse stuff put on with a trowel to form a key behind the latlis, and about } or | in. thick on 
tho laths : while it is still moist it is scratched or scored all over with the end of a lath in parallel 
lines 3 or 4 in. apart, the scorings being made as deep as possible without exposing tho laths ; tho 
rougher the edges are the better, as the object is to produce a good key for the next coat. When the 
pricking-up coat is sufficiently dry not to yield to pressure in tho slightest degree, the second ooat 
or floating is put on. The floating is of fine stuff with a little hair mixed with it ; ledges or 
margins, G or 8 in. wide, and extending across the wholo width of a ceiling or height of a wall, are 
made at tho auglos and at intervals of about 4 ft. apart throughout : these must be made perfectly 
in one plane with each other with the help of straight-edges. These lodges aro technically called 
screeds. They form gauges for tho rest of the work, and when they are a little set the spaces between 
them are filled up flush, for which a derby float or long straight-edge is used. The screeds on ceilings 
ought to be levelled, and those on walls plumbed. When the floating is sufficiently set it is swept 
with a birch broom for the third ooat or setting. Tho third, or setting ooat, should be of plasterers’ 
putty if the ceiling or wall is to bo whitened or coloured. If it is to be jiapered, tho third ooat 
should be of fine stuff, with a little hair in it. If it is to lio painted, the third coat should be of 
bastard stucco trowelled. Trowelled stucco should also be hand-floated. In this operation the 
stucco is set with the trowel in the usual manner, and brought to an even surface with that tool to 
the extent of 2 or 3 yds. The workman then takes the liond-float in his right hand, and rubs it 
smartly over the surface, pressing it gently to condense tho material. As ho works the float ho 
sprinkles the surfsco with water from the brush in his left hand, and eveutually produces a texture 
almost as fine and smooth as that of polished marble. 

Plaster of Walls . — The process of plastering on the naked brick or stone wall differs in little 
except in name from the mode on laths. The first ooat is called rendering , and differs only from 
the first coat for laths, in the quantity of hair, which may lie less, and in the consistency of tho 
mortar, which may lie more plastic, because in a moister state it will attach itself more firmly to 
the wall : the wall itself should be wetted before the rendering is appliod. Tho second coat is 
called setting, and is the same in every respect as the Betting coat on laths. In three-coat work the 
first, or rough rendering, should be made to fill up completely whatever crevices there may be in the 
work behind it, and be incorporated with it as much as possible. Its surface should bo left rough, 
but it is not scratched or lined as tho similar ooat on Latin* is. For tho second coat, or floating, 
screeds must lie formed, as before described. Tho consecutive processes are exactly the same as ou 
laths, both for the floating coat and for the setting coat. In almost overy case in which plastering 
has to be floated, the workman finds a guide for the feet of his wall screeds, in the narrow grounds 
which the joiner has previously fixed for the skirting. From those ho plumbs upwards, and makes 
his work jierfectly flush with them. 

Iu plastering a wall with common stucco (its use is mostly for outside work), the dust is first 
removed from it by brushing, and it is then well wetted. If the wall to be stuccoed be an old one, 
or nno of which the joints have been drawn, tho mortar of the joints must be chipped, or oven 
raked out, and tho bricks picked, to expose a new aud porous surface to tho plastering before 
brushing nnd wetting. The wall is then covered with stucco in a fluid state, applied with a broad 
aud strong hog’s-bristle brush, like common whitewashing. When this is nearly dry the stucco 
must be laid on as in common rendering. When tho work is to be floated tho process is nearly 
similar to that in floated plastering. Screeds must be formed at tho highest and lowest extre- 
mities of the wall, and be returned at tho angles, putting the whole surface into a sort of frame ; 
inner screeds must then bo made at every 3 or 4 ft. apart over the whole surface, and tho inter- 
stices filled in ns before. As tho work is made good it must be well rubbed with the hand-float to 
compress the material and produce a hard and glossy surface. Preparations for cornices and other 
projections should be previously made by bricks or tiles projecting from the brick or stone work, 
forming a core on which the mouldings are run with moulds in stucco. No plaster of Paris should 
be used for external work, as the wet will dissolve it. When the stucco is dry it may be painted 
in oil colours, or coloured in distemper. 

Rendering in Rom/in cement is executed almost exactly in the same manner os stucco rendering, 
only it is laid on tho saturated wall directly without tho preliminary operation of roughing in, or 
washing the surface with a solution of the material. The some process is also followed in floating 
this cement, and with the same exceptions. A quick-setting cement like this is far preferable to 
common lime for mouldings. Roman cement may lie painted in oil or coloured. Iu the latter case 
the colour should bo mixed with dilute sulphuric acid instead of size. 

Rough cast is a cheap and useful covering for external walla which are well protected by eaves. 
Tho surface is first roughed in or rendered with lime and hair. When that is dry another coat of 
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the aamc material is added, laid os evenly as it can without floating ; and as soon ns a piece of 
2 or 8 yards is executed the workman lays mi it an almost fluid mixture of flue clean gravel and 
lime. This is immediately washed with any ochreous colour, and tho whole dries in ono mass. 
The lime in rough cast should be a strong lime. 

Mouldings ami Ornamental itVi — If a moulding which is to bo made in plaster does not project 
beyond the plane of tho wall more than 2 in. it will bo sufllcient to ntuke a foundation for it in 
lime and hair after the And coat of plaster. If any one part of the moulding should project rnoro 
than that, a row of nails, G in. apart, and driven into the plaster, will be sufficient to support it. 
But if the general mass of the moulding project more than 2 in. a rough form of it must be mado 
by brackets of wood Axed at intervals, ana cut roughly to tbo outline of tho moulding, and covered 
with laths. Tho first, or pricking-up coat, must be laid over this form. Tho second coating of tho 
moulding, if interior work, should be made of gamjed staff, and laid as follows : — A mould, or piece 
of board with the sectiou of the moulding cut out of it is made to rnovo along tho lino of tho 
moulding guide* 1 by two battens, one above and one below, fixed temporarily to the wall, and so as 
to have a space of about $ in. between it and the first coat of plaster. Ono man lavs on tho gauged 
stuff in almost a fluid state with an angular trowel ; another works the mould backwards and 
forwards over it until it takes tho form of tho mould, the sui>orfiuous stuff being swept off by tho 
action. If the whole height and projection of a moulding be too large and heavy to bo executed 
at once in this manner, it can bo done in forts, ono at a time. 

This method evidently applies only to plain mouldings of the same continuous section. En- 
riched mouldings can bo commenced in the same manner, and the sjoce for tho enrichment can 
bo left vacant in the mould, ami completed afterwards by hand. The angles formed by two lines 
of moulding meeting from different directions must also be finished by band. Such joinings aro 
termed mitres, And the workman uses what is called a joining t<*4 for them. Such enriched parts 
of a moulding as cannot bo executed in tho above manner aro generally cast in plotter of Paris in 
moulds. These moulds aro made of plaster of Baris or wax or gutta-percha from wooden models 
of the design. These cast parts of tho moulding, when set and trimmed, are fixed in their places 
in the moulding with plaster of Paris, if there is any projection to support them, or with whito 
lead or iron cement if they have to depend entirely on the cement. Such ornamental castings as 
are too large to be trusted to cement alone must be fixed with screws to woodwork behind them 
specially provided for the purpose. 

Hoeking says the most general cause of the decay of stuccoes and cements on external walls 
is tho impurity of tho materials, if the sand is quite clean and the lime good of its kind, and 
the work be well hand-floated and trowelled, particularly on the upper surfaces of projections, 
where wet is liable to penetrate, tho plastering, with common attention to the painting of it, will 
last as long as anything of the kind can be exported to last. 

In repairing plastering, the surface should first be well washed to remove the dirt. The cracks 
and fractures are then repaint! with new plaster, and when the new work is quite dry tho joinings 
arc scraped to produce an even surface, and the whole is re-coloured or whitened once or twice. 
Stuccoed walls that have been painted must bo rubbed with pumicc-stonc to toko off tho okl point 
before they aro repainted. 

Table or Materials in Plastering required to cover Superficial Yards as under. 


Material*. 

Render 
1 cost uni 
ML 

Plaster 
1 coat and 
ML 

Render 
3 coat* and 
set. 

Plotter 

1 coat* sod 
sat. 

Planter Boat 
and set. 

1 cubic yard common chalk limo | 

2 „ sand > 

*J lbs. hair ) 

flq.yd* 

75 

•q-yd. 

70 

•q f<u 
G5 

•q-yda. 

60 

sq. yds. 

GO 


Lathing. 


I bundle laths 
GOO nails .. 


4J sq. yds. 


Stuccoing. 

1 bushel Roman cement without sand, 9 in.' 
thick , 


1} sq. yd. 


Painting Woodwork . — The useful object of painting materials used in construction is to protect 
them from the action of such causes of decay as heat, gases, moisture, &c., by covering them with 
nn almost impervious and a very durable coating ; but probably the origin of house painting is doe 
to purposes of ornament rather than use. The most effective known composition that combines 
both objects is a mixture of white lead and linseed oil. Tho mixture of white lead and oil to a 
consistency that can be readily used with a brush, when spread on any material sinks into it, and 
dries in a few days, forming a covering durable under ordinary circumstances, and impervious to 
ordinary damp. It can be mixed freely with almost all colours, and is sufficiently economical in 
Eugland to be applicable to houses generally. 
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The linseed oil 10 tho material in thin mixture which forma the durable coating. This oil, in 
common with a few other vegetable oil* and with some resinous matters, poettessetj the property of 
drying, after it hntt entered the aurface of the material, into a resinous compiuml, which thus fills 
up the pores of a material like seasoned wood with a substance similar to the natural resin, and 
*0 prevents further decaying action going on. The dryer, as it is called, is some oxidizing substance, 
surh as littuirrjf, added to ex|>edito the drying process, and a solvent, such as spirits of turpentine, is 
iwlded to dilute the mixture, and which soon evapimtcs again. The white lend gives body aud 
opacity to the mixture. It combines readily, and to & certain extent chemically, with the oil into a 
creamy roiupmud, drying into a saponaceous sulwtaiicc. 

White lend is the carbonate of tlmt metal, obtained in this country from the metallic lead. It is 
a fine white powder, weighing ab»ut 400 lbs. a cubic foot. There are other powders of the same 
appearance, which, being cheaper, are sometimes used to adulterate the white lead with, such as 
whiting, sulphate of baryta, Paris white aud zinc white. As there are none of these so durable or 
useful as white lead, it is essential that it should be pure. They can be detected either by tho 
specific gravity or by resolving the powder hack into metallic lend, which should weigh ^ less 
than the powder, or iu the case of the sulphate of baryta, which is the most usual adulteration, by 
nitric acid, which will dissolve tho load but not the baryta. White lead combines more readily and 
effectively with oil than any other of these pigments. 

Linseed oil . in its natural condition, dries slowly to tho resinous varnish required for coating 
materials, and rather injures the brilliancy of delicate colours by its strong amber colour. As the 
operation of drying is an oxidizing process, the addition of good oxidizing agents expedites the 
drying of paints. Buded linseed oil also causes it to oxidize quicker ; hut, as it makes it thicker it 
is not so suited for in-door or delicate work. . Linseed oil can be clarified by mixing it with au acid, 
such as oil of vitriol. It must be well washed with water to get rid of the acid. 

Driers, — The ordinary oxidizing agent used is titharae , or oxide of lead. Oxide of rmtntjanese is 
also used, und is a quicker drier than litharge. These driers generally contain some inert matter, 
such as chalk or sulphate of bantu, ns au agent, as well os the acetate as an oxidizer. 

The pm)>ortioii of litliarge generally used is about | lb. to a gallon of oil. The oil is then 
called a drying oil, and can be made clear and colourless by leaving it exposed to the air in shallow 
vessels for two or three daya. 

Solvents. — Some substances aro required to dilute tho mixture of white lead and oil, which would 
not otherwise penetrate into the | tores of the material. This solvent should bo light and easily 
evaporated. 

Spirits of Turpentine (commonly called turps') is generally used for this purpose; it is a solution 
of resin in spirit, and evaporates perfectly. The best test for its purity is by evaporating it; 
it deteriorates by kipping. Some natural drying oils could be used os solvents, but they generally 
contain foreign sultstanccs, which will not dry and which canuot be easily got rid of. 

Pigments. — Tho object of adding all pigments to the drying oil is to give it ojjacity and body 
and colour. 

They should lie always of a permanent character, and are almost all mineral. Besides white lead 
the following are used iu bouse painting. 

PatlinsorCs White is an oxy-chloride of lend, and not a carbonate. It has not so much body as 
white lend, hut it mixes freely aud is not readily discoloured. 

Sulphide of Baryta 1ms not so much body as white lead, in the adulteration of which it is much 
used; it is durable, and forms the basis of several whites employed by house {lainters: it is heavier 
than white lead. 

Zinc White is the oxide of zinc. It is cheaper than, but not so durable as, white lead ; it is light, 
and not opaque, and is readily attacked by salts, therefore is uot durable and is easily acted on 
by wet and acids in wood. It does not dissolve so readily as white lead, and therefore requires 
more oil. For, as long os it lasts, it keeps its colour batter than white lend and is not so easily 
adulterated ; it takes longer in drying, ami when adulterated is liable to change colour. Lead 
dryers should not be ua»*d with zinc white : sulphate of manganese is the bst drier. 

Chromes or Yellows. — AH consist of oxide of lend and chromic acid : when boiled with lime tho 
mixture is lightened in colour; when boiled with aei«l it is darkened; when baled with Mdtptru 
orange colour is formed. Chromes combine well with oils, and are therefore tho best of all 
yellows. 

Prussian Blue is niAdc from animal refuse (such as horns, blood, &c.), burnt with jsitosh and iron 
at a high temperature. 

Smalt Bln e is oxide of colialt, and is made by roasting cobalt ore and mixing silica with it, and 
the fusion of it with sulphur produces blue smalt. 

Ultramarine Blue was formerly madu front lapis lazuli and was very expensive: it is now made 
artificially and of better colour by fusing together carbonate of soda, silica, alum, and sulphur, and 
then washing the o«>m|iouitd and fusing it again, au<l washing it aguin, and then heating it with 
sulphur, which gradually colours it. 

Greens are almost all obtained from copper. Verditer is oxide and carlxmate of copper : other 
greens contain arsenate of copper. They are durable colours. 

Brunswick Green is made of Prussian blue ami chrome, mix«d with carbonate of lime or sulphate 
of liaryta to dilute it. If the chrome has an acid in it the colour hides ; therefore, to test it, tho 
powder should be exposed for a fortnight to a strong sunlight. 

Bel Ixad is oxide of lead : on account of its durability it is frequently used ns a priming or first 
coat on ironwork ; but care should be taken that no salt is present, otherwise a chemical action 
commences, blisters are formed, and the lead is reduced to the metallic condition. 

Oxide of fron paints. — These are the most effective and durable paints to use on iron, as they have 
no tendency to change or affect the surface of the iron. There are several preparations of them. 
Grant's Black is made of shale containing oxide of iron. The purple brown oxide is a hydrated 
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peroxide of iron. The Torbay paint is a protoxide of Iron. But the most effectual coating that can 
ne used for heavy ironwork, such ns thick plates, is the naturnl surface fresh from the mils or 
hammer: wrought iron, after such treatment, has always u coating of magnetic oxide on its sur- 
face, which is hard and thoroughly attm-lud to the body of the iron, and which ns long os it is left 
unbroken, w ill prevent any further action on the iron. 

In painting woodwork, the surface must be first prepared by counteracting the effect of any- 
thing that may prevent it from liecoining identified with the material. Thus, in {minting pine- 
woods of any kind, the resin contained in the knots w hich npj*nr on the surface must be neutral- 
ized, or a blemish will np|*ar over every knot; this is done with two or move coats of red lead 
ground in water and mixed with size laid over the knots : this is called killing the knot*. A pre- 
paration under the name of patent knotting is also extensively used : it is cnmitottcd of shellac, 
naphtha, and perhaps some other drying agent. A single application of the mixture will effectually 
kill tho knots, and as it drum almost instantly it is greatly esteemed by painters as a substitute 
for tho red-lcnd mixture. All nnil-holcs (the heads of nails having been punched in) and other 
defects must be stopped, or filled up with putty or wood. The surface of tho wood is then rubbed 
smooth with sand-pa|)er or pumice-stone. 

In laying on the {taint, the white lead and oil and dryer are mixed to the consistency of thick 
cream : this is done either on a flat stone by hand or in a mill ; the necessary colouring matter 
is mixed with it. The brush should he held at right angles to tho face of the work, so that only 
the ends of the hairs touch it, for thus the paint is forced into the pores of the wood and distributed 
equally over the surfucc. I'ainting. when properly executed, will not present a shining, smooth, 
and glossy appearance, as if it formed a film or skin, but will show a fine and regular grain, as if 
the surface were natural, or had received a mere* stain without destroying the texture. Before the 
paiut is applied the wood should be free from moisture of any kind and seasoned, or it will at 
the least prove useless, and probably injurious. Dampness or moisture or unseasoned substances 
in woods, stopped iu or covered over with point, will, under ordinary circumstances, tend to their 
destruction. 

New woodwork should have fonr coats of paint. The first coat, which is celled the priming 
coat, need have very little, if any, of the final colouring matter in it. After priming, all nail-holes 
or other superficial defects are carefully stopped up before the next coat is applied. The remain- 
ing coats nro laid on as the previous coats become dry, which is generally in about two days. 
When the {tainting, after a lapse of four or five years, requires to be renewed, two coats only are 
usually applied. 

For fine work, each coat should l>c carefully rubbed down with pumice-stone or glass-paper aud 
dusted before tho next coat is added. 

Painting on Plaster. — Plaster, being more absorbent than wood, requires a greater number of 
coats to saturate the exterior face, anti that the first coat should be thinner. The plaster, being 

3 uite dry ami hard and well sized with the common thin glue size, the first coat consists of white lead 
iluted with linseed oil to a thin consistency, with the addition of a small quantity of litharge : tho 
oil is entirely absorb'd, thereby hardening the plaster to the depth of altout t in. The second coat 
is also thin, in order that the plaster may be thoroughly saturated. The third coat is thicker, and 
contains a little turpentine, with some of the colouring pigment. The fourth coat is as thick 
as it can be used, equal parts of oil and turjicntine being employed, and sugar of lend ns tho 
dryer. A finishing coat is frequently added of pure white lend diluted with spirits of tur|M>ntmo 
only. A small quantity of japanner’s gold-size is sometimes used ns the dryer, and the pro(»cr pig- 
ment to give the required colour is added ; this coat, from its drying without any gloss, is called 
the flatting coat. 

The flatting coat is also sometimes put on woodwork. 

Distemper is the name given to paint composed of white lead and other colouring matters ground 
in water instead of oil and mixed with size to make it set ; it is, in fact, a soater^soUmr, It can he 
used in the same manner os oil colour, hut will not stand exposure to rain as the latter will. Some- 
times whiting is used instead of white lead. 

Whiting . — This material is pure chalk, reduced by levigntion to n fine powder. When mixed 
with size in water it is used to cover plastered ceilings and walls of common rooms, and sometimes 
for external work of common buildings. The proportions recommended by Vankcrman are 12 lbs. 
of whiting to 2 quarts of double size, the whiting to be covered with cold' water for six hours and 
then mixed with the size aud left in a cold place till it becomes like jelly in appearance, and then, 
bat not till then, it is fit for use. The colouring matter should be first ground in water and 
then added to the whiting before tho size is put in. About 1 lb. of this com{K>sitiou will cover 
6 yards. 

Site is the glue extracted from animal tissue : it is used by itself as a priming coat sometimes, 
and sometimes as a varnish. 

Anti-corrosive paint , as it is called, is made of equal parts by weight of whiting and white lead 
with half the quantity of fine saml, gravel, or road-dust, aud a sufficient quantity of colouring 
matter. This mixture is made in water ami can be used as a water-colour; but it is more durable 
to dry it in cakes or powder after mixing, and then u>e it as an oil-paint by grinding it again in 
linseed oil. The preparation of oil recommended for this purpose is 12 part* by weight of linseed 
oil, 1 part of boiled linseed oil, and 3 parts of sulphate of lime, well mixed. One gallon of this 
prepared oil is used to 7 lbs. of the powder manufactured as above mentioned. 

Painting old Work . — If the work is much soiled it should be washed with soap and water and 
scoured ; if foul with smoke and grease, it should be washed with lime and water. It should be 
then rubbed with puiuice-stone : then the first coat of the new colour (corresponding to the 
second of new work) may be laid on ; when it is dry, the stopping should bo done, and the whole 
rubbed with glass-paper. 

To remove old (mint from painted work, a solution composed of the following ingredients is used, 
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namely soft soap £, potash 1. nml quick-lime A or The snap and potash are first dissolved by 
boiling in water : the lime is then added, aud the whole applied, while hot, with a brush, care 
being taken that all portion! of paint to He removed are covered with the solution, which must be 
left on from twelve to twenty-four hours, after which the whole of the painting (no matter how 
many coats) will easily be removed by washing with hot water. Paint may also lie removed by 
bunting, but this i* not to be recommended except for very plain and common work. 

Whit* Copat Varnish. — 4 oz. of coital, } Of. of camphor, 3 oz. of white drying oil. 2 oz. of essential 
oil of turpentine. Reduce the copal to powder, mix the camphor and drying oil, then heat it on a 
slow fire and add the oil of turpentine and strain it. 

Mnstu ? PomixA. — A quarter of a pound of mastic melted over a slow fire with a pint of essential 
oil of turpentine, ami strained. 

Common Colour* , in house painting, are considered to include lampblack, red lead, and the 
common ochres. Superior aJaurs include blues, greens, rich reds, pinks, and yellows. White is a 
common colour, except when fintted. 

WJUtoeasA. — This is the name given to a mixture of common lime and water, which is fre- 
quently used for coating the interior walls and ceilings of barracks and such buildings. It is mixed 
to a thin consistency, and laid on with a large flat brush. It does not last long, and rubs off to the 
touch and will not "stand rain ; but being cheap and easily applied and healthy, it is a very useful 
preparation for the purpose. It will not adliero to very smooth surfaces, such os wrought timber, 
paint, Ac. 

silicate of So>la. — A solution of silicate of wxla lias been found by Abel, when applied like paint 
to wood, to give it a very considerable protection against fire, os well ns to form a hard coating 
durable for several years; it can be used with the ordinary colours like distemper. 

Directum* for covering Timf>er wiM a Coating of the Silicate of Soda and Lime as a Protective from 
Fire. — Material* employed . — The silicate of soda must lie in the form of a thick syrup of a known 
degree of concentration, and is diluted with water when required for use, according to the pro- 
scriptions given below. 

The lime-wash should be made by slaking some good fat lime, rubbing it down with water 
until perfectly smooth, and diluting it to the consistency of thick cream. It may be coloured by 
admixture with mineral blacks, ochres, Ac. 

Treatment of the Wood. — The protective coating is produced by painting the wood, firstly with a 
dilute solution of silicate of soda ; secondly, with a lime-wash ; and lastly, with a somewhat stronger 
solution of the silicate. 

The surface of the wood should be moderately smooth, and any covering of paper, paint, or other 
material, should l*> first removed entirely, by planing or scraping. 

A solution of the silicate, in the proportion of one part by measure of the syrup to four parts of 
water, is prepared in a tub, pail, or earthen vessel by stirring the measured projxirtion of the silicate, 
first with a very small quantity of the necessary water until n complete mixture is prodtuxsl, and 
then adding the remainder of the water, in successive quantities, until a perfect mixture in the 
requisite proportions is obtained. 

The wood is then washed over with this liquid, by means of an ordinary whitewash brush, the 
latter being passer! two or three times over the surface, so that the wood may absorb as much of tho 
solution os pMdbk When this first coating is nearly dry, tho wood is pointed with tho litne-wnsh 
in the usual manner. 

A solution of the silicate, in the proportion of one part by measure of the syrup to two parts of 
water, is then mode as above descrit>cd, and a sufficient time having been allowed to elapse for tho 
wood to become moderately dry, this liquid is applied, upon the lime, iti the manner directed for 
the first coating. The preparation of too wood is then complete. If the lime coating has been 
applied rather too thickly, tho surface of the wood may lie found, when quite dry after tho third 
coating, to give off a little lime when rubbed with the hand. In that case, it should bo once more 
coated over with a solution of tho silicate of the first-named strength. 


Table of Materials in Painting required to cover Superficial Yards as under. 


1st coat 


10 lbs. white lead 1 
4 pints linseed oil I 
2 OL litharge | 

1 oz. red lead j 


superficial yards. 


2nd coat 


10 Ilia, white lead 
2J pints linseed nil 

1 j pint spirits of turpentine 

2 oz. litharge 


•10 superficial yards. 


3rd and 
suWqucnt 
coats 


10 lbs. white lend 
2 pints linseed oil 
2 pints spirits of turpentine 
2 oz. lithnrgo 


50 superficial yards. 


For coloured paints, the last two coats have tho colour added to the composition in the propor- 
tion of 1 lb. to 2 lbs. for every 10 yds. of surface to be ]iaintod ; and tho quantity of white lead is 
rrdured in proportion. 

Qlasing , — There are three kinds of glass used in Kngland for glazing wiudows; — lBt, man* 
glass ; 2nd, sheet glass ; 3rd, plate g hiss. 

The constituents of the three kinds are nearly the same, but the latter, from its mode of manu- 
facture, is made in larger and thicker plates, ami is much more perfect and expensive. 

Crown glass is made in circular discs blown by luind ; they arc about 4 ft. diameter, and tho 
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glass averages alsrat fa in. thick. Owing to tho mode of manufacture them is a thick Ijobb in the 
contra, and tho glass u throughout more or less striated in ennoontrio rings, and frequently curved 
in surface, and thicker at tho circumference of tho disc. Consequently in cutting rectangular panes 
out of a disc there is a considerable low, nr at least variety in quality : one disc will yield about 
10 aq. ft. of good window glass, and the largest pane that can bo rut from au ordinary disc is about 
H4 X 22 in. The qualities are classified into set'tmds, thinly ami fourths. 

Sheet glass is also blown by hand, but into holloa’ cylinders about 4 ft. long and 10 in. diameter, 
which arc cut off and cut open longitudinally while hot. and therefore fall into Hat sheets. A more 
perfoct window glass can be made by this process, and thicker, and capable of yielding larger |wtnea 
with less waste. Ordinary sheet glass will cut to a pane of 40 x 30 in., and some to 50 x 80 in. It 
can lie made in thicknesses from A in. to } in. 

Plate, glass is cast on a Hat table and rolled into a sheet of given size and thickness by a massive 
metal roller. In this form, when cool, it is row/h plate. Ribbed /date is made by using a roller with 
grooves on its surface. Hough and ribbed nlate arc frequently made of commoner and courser 
materials than polished plate, being intended for use in factories and warehouses. Polished plate 
is rough plate composed of good material and afterwards polished on both sides, which is done by 
nibbing two plates together with emery and other powders between them. Tlnte glass can be 
obtained of almost any thickness from | in. up to 1 in. thick, and of any size up to about 12 x 6 ft. 

In the glazing of a windotc tho sizes of the panes, that is to say, the intervals of the sash-bars, 
should be arranged, if practicable, to suit the sizes of (taues of glass which can conveniently Ins 
obtained, so os to avoid waste in cutting; this consideration is of more consequence in using emwn 
and sheet glass than with plate glass. But in barracks, where tho soldier has to (Miy for broken 
glass, tho panes should never be large nor of expensive glass. The woodwork of the sash should 
receive its priming coat before glazing, the other coats should be put on afterwards. With emwn 
glass, whicn is sometimes curved, it is usual to place the panes with the convexity outwards. When 
the glazier has fitted the pane to the opening with his diamond, the rebate of the sash-bur faring 
the outside of the window, he spreads a thin layer of putty on the face of the rebate and then presses 
the glass against it into its place, and holding it them, spread* a layer of putty all round the side 
of the rebate, covering the edge of the glass nearly as far as the face of the rebate extends on the 
inner tide of the glass, and bevelling off tho putty to the outer edge of the rebate. The putty is 
then sufficient to hold the pane in its place, and hardens in a few days. 

The glass should not touch the sash-bar in any part, on account of the danger of its being 
cracked from any unusual pressure ; there should be a layer of putty all round the edges. This 
precaution is especially necessary in glazing windows with iron or stone mullions or bar*. 

Putty. — Glaziers’ putty is made of whiting and oil. The whiting should lie in the form of a 
very dry flue powder; it should Is* s|M*cinlly dried for the purjmee, and passed through a sieve of 
forty-five holes to the inclv. and then mixed with ns much raw linseed oil ns will form it into a stiff 
paste; this, after being well kindled, should be left for twelve hours, and worked up in small pieces 
till quite smooth. It should be kept in a glazed ]>an ami covered with a wet cloth. If putty bo- 
conn’s hard and dry, it can bo restored by heating it and working it tip again while hot. For 
special purpose* white lead ia sometimes mixed with the whiting, or the putty is made of white 
lead and litlmrgc entirely. 

Paperhanging . — Decorative paper for covering the walls of moms is manufactured in pieces, which 
are 12 yds. long and 20 in. wide. 

The walla of rooms which are to be finished in a superior manner are generally plastered three 
coats, and upon the plaster when quite dry a coating of wliat ia called lining paper should lx? laid to 
ensure a smooth surface. The decorative paper is laid on this. The paste used by |m}K’rhaugeni 
ia made of flour and water and a littlo size or glue ; alum hIho is added to paste to make it How or 
spread more freely without losing any of its tenacity or sticking quality. Sometimes a common 
torn canvas is used instead of liuing paper, and sometimes instead of plaster, iu which latter case 
battens should be fixed against the walls to fasten the canvas to and prevent it from touching the 
walls. Canvas is an unsatisfactory substitute for plaster, in consequence of its expanding and con- 
tracting according to the hygromctric state of the atmosphere. 

In renewing old paper, if tho old (taper merely requires cleaning, it can be dono by first brushing 
it well, then rubbing it with stale bread crumbs, and then with a «lrv linen cloth. If the old paper 
cannot be cleaned it should lie taken down and a coating of size laid on the walls, preparatory to a 
coat of paper: or a coat of Bize may be laid on the old paper, and a coating of whiting and size or 
distemper over that. 8eo Bond. Mensuration, of Artifeers-teork. 

COOLER. Flu, Bac , Baorefroidissoir ; Gkr., Kuhlsehtff, Kuhlstock. 

Wort-etxders ami Refrigerator*. — After being drawn from the hop-back, the wort has to be cooled 
down to the temperature at which it is to be pitched or placed in the fermenting tun. This tem- 
perature varies somewhat in different eases; hut it may bo taken as averaging from 54° to tH'', 
and therefore, allowing for some loss of heat in passing through the hop-back, tmveraing-pipea, 
and so on, the tenqiernture of the wort has to be reduced about 150°. This reduction of temperature 
is effected sometime* by exposing the wort to the air in shallow vessels or coolers ; sometimes by 
passing it through a refrigerator, or apparatus in which water is used ns a cooling agent. 

Coolers are shallow vessels, generally about 6 in. or 8 in. deep, made of wood. Iron, or copper. 
Wooden coolers are most frequently met with, probably on nccouut of their cheapness, but they 
are open to many objections. They are usually made of Dnntzic denis about 14 iu. thick, the 
boards being pegged to the joint-pieces with wooden pins. The coolers should be laid with a 
slight inclination toward* the |ioint at which the wort is drawn off, ami the boards forming them 
should be planed as smooth as possible, so that they may be more readily kept clean. Too much 
care cannot be paid to the cleanliness of coolers, and to ensure it they should Ihj frequently washed 
with lime water. If tho coolers arc not in almost ouiitiniwl use, it is advisable to keep them 
covered with water in the intervals when they are not required, as the pores of tho wood which 
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hiivo boon opened by the action of the hot wort are thus to a great extent prevented from absorbing 
air, which would, when the next gylo was poured on, come in contact with the wort, and be apt to 
cause a creaming of the surface, or incipient fermentation, generally called the fox. Wooden 
coolers, also, if allowed to get dry between the times of the wort being poured on, cause a consi- 
derable loss by absorption. 

To avoid the objections to those of wood, coolers are made of iron or of copper. Coolers are 
placed so that their under sides are exposed to the air as well ns their upper sides, and the cooling 
effect is thus increased. This arrangement should be adopted in all metal coolers. 

At Truman’s there are two very line copper amlers, which have been put up under the direc- 
tion of King, the engineer to the brewery. These coolers are each 110 ft. long by 25 ft. wide, 
their weight the square foot being about 3| lbs., and they are supported on joists, the under-aides 
being freely exposed to the cooling influence of the air. The wort is not allowed to rent on these 
coolers, but is run over them in a thin stream to one of Mortons refrigerators, which completes tho 
cooling process. These coolers aro cajiable, under ordinary circumstances, of cooling about fifty 
barrels of wort an hour from boiling-point to a temperature of 110°; and ns tho combined surface 

. . . (212- 110) x 50 x 360 102 x 50 x 300 

of the coolers is 5500 sq. ft., this corresponds to work = — ^ = — ^ 


= 338*8, or — allowing for tho wort being rather below boiling-point when delivered on to the 
coolers — say about 300 pound-degrees a square foot of surface tho hour. This is a very high 
result, and is partly due to the wort being kept in motion over the coolers, and being thus kept in 
a state of circulation ; and partly to the fact of tho coolers being made of thin oopper, thus render- 
ing the bottom cooling-surface very effective. 

Figs. 2002 to 2004 represent tho standard form of refrigerator made by Morton and Wilson. 
The wort enters at a, passes over and under the tubes b b y iu the direction of the arrows, and finally 
passes out at c. 




The cold water is admitted at </, passes through the tubes in tho direction of tho arrows across 
the current of the wort, and csca|M>s at the opposite end by the pipes shown at the top on the lcft- 
liand sido of Fig. 2092. Caps, / /, connect the tubes together at their alternate ends, by which 
means a continuous passage is formed from end to end. These raps may be hinged to tho ends of 
tho tubes, so that they can be readily removed for cleaning tho insido of the latter; but this is 
only necessary whore tho water is impure, and tends to leave a deposit inside. The tubes are 
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formed of four separate pieces for strength, these pieces being united, so as to form apparently a 
single flat tube. The tubular surfaces and casing are formed of cnp|>cr surrounded by a wooden 
frame g ; tho caps are of gun-metal tinned. The spaces between the tubes are drained from the 
worts remaining after tho brew by means of the continuous valve arrangement A, which is opened 
and shut by the lever i. 

Figs. 2095 to 2097 exhibit further improvements. In these figures a is the casing to which 
is attached the tabes 6 h A, each of which is a flattened tube formed by the union of three round 


209& 



tube®, the spaces between the circles being filled up. These tubes aro eonnocUd at their alternate 
ends by the caps c c c. The wort is distributed on the external surfaces of the tubes b b b. from 
the trough r, placed immediately above, and the bottom of which is perforated, or covered with 
metallic cloth. The worts percolate through the bottom of the trough, and, fulling upon tho upper 
tube, flow round it and descend to tho second, and, in tho nine manner, fall from tube to tut* 
until they aro received by the trough /. The water outers at g, and posses in the direction of the 
arrows from tube to tube, finally escaping at A. The whole tubular surface is surrounded by an 
outer casing o, hinged at < i, and secured at ij. Vortical air tubes A A arc attached to this outer 
casing, these tubes having horizontal air tubes / 1 1, extending from them on each side. Tho 
latter air tubes are perforated, and currents of attorn pemtod air ore driven into A A by a fan 
or other arrangement, and diffused throughout the casing which encloses the tuhnlar cooling- 
surface. 

The refrigerator. Figs. 2098 to 2100, constructed by Pontifcx and Wood, is very complete. 
Liko Morton, Pontifex and Wood employ flat tubes, traversed by the water: but instead of (Missing 
the wort alternately under and over them, they cause it to follow tho course shown by the arrows 
marked on the plan of the apparatus. It will be seen from Fig. 2098 that each end of the casing 





of the refrigerator is touched by tho alternate tubas only, so that a zigzag channel is formed for 
the passage of the wort. The tubes are, as we have said, traversed by tho water; and one of the 

3 T 
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Section on line C D. 



Section on line A B. 


main peculiarities in the refrigerator is the manner in which the tubes are connected together so 
as to form a continuous channel. Tho required connection is effected at their alternate ends by 
castings, which form water bridges, beneath which the wort can pass. The form of these bridges, 
or connecting castings, is shown in Pigs, 20'J'J, 2100. The stream of water flows in tho opposite 
direction to that of the wort, ami the course of the 
current is shown in Fig. 2098 by arrows. Tho casing 
of tho refrigerator is of wood, ami its ends arc made 
to slope slightly inwards towards the bottom, so that 
a tight joint can Is* readily made between them ami 
the ends of the tubes. These ends arc formed by 
brass castings, each of which carries a piece of india- 
rubber projecting from a groove formed in it, this 
india-rtibW hearing against the end of the casing 
and making tho joint tight. The tubes arc all 
fastened on their upper 
aides to a frame of wood 
which is hinged to the 
side of the trough or cas- 
ing. m that they can be 
readily raised for cleans- 
ing. Each tube is, like 
those employed by Mor- 
ton, formed of three or 
four separate tubes or 
pieces joined together so as to present tho appearance of a single flat tube. This plan is resorted 
to in order to prevent the tubes from bulging in the event of their being supplied with water under 
pressure. 

Another form of refrigerator is that which wo illustrate, Figs. 2101 to 2104. This refrigerator 
was designed by Joseph Stirk, the engineer of Messrs. AIlsopp’s Brewery at Burton-on-Trent, and 
Bycroft, of Burton. In this apparatus, the flat oia| 

pipes employed are arranged somewhat ns in 
I’ontifex ana Wood's refrigerator; but instead 
of their being connected bv water bridges, so 
as to form a continuous series, each pipe is in- 
dependent of the others. It w r ill be seen by tho 
transverse section. Fig. 2104, that each pijte is 
so divided by partitions that the current of water 
is made to traverse its length four times. The 
pipes do not extend across the entire width of 
the apparatus, but are fixed to the opposite sides . 
of the casing alternately, s<> os to leave a poa-(j 
sage which i« traversed by the wort iu the same 
manner ns in Pontifcx and Wood’s 
refrigerator. The water is sup- 
plied to, and led from, the flat 
tubes by pipes which extend along 
each side of the refrigerator, these 
pipes being connected w ith the flat 
tuooB by branches furnished with 
cocks, ns shown in Figs. 21011, 2104. 

The object of this Arrangement is 
to enable any one of the flat tubes 
to be removed for cleaning or re- 
pairs without interfering with tho 
action of the refrigerator. It will ^ ii 
be seen from the arrows on Fig. I 

2104 that the water is supplied by 
the lower pipe on each aide to the 
lowest compartment of each flat 
tube, ami after traversing tho 
length of the latter four times, it 
escapes into the upper pipe. This 
refrigerator from its construction 
affords great facilities for repairs; 
but it is open to one objection — that 
is, a gnat portion of the water used 
for cooling can be but slightly 
heated, and cun therefore do but 
little work. This will bo understood when it is considered that each transverse tube acts indepen- 
dently, and the water passed through each tube cannot therefore be raised to a higher tempera- 
ture than that of the wort with which that particular tube is brought into contact. Thus the 
water passing through the tubes near the end at which the wort escapes will probably not be 
heated to more than from GCP to 70 5 , whilst near the end at which tho wort enters it can be raised 
to within a few degrees of tho initial temperature of tho wort. The result of this is that a greater 
proportion of water will be required to cool a given quantity of wort than if there was a single 
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continuous current of water flowing in an opposite direction to thnt of the wort. To n certain 
extent this coil cnn be remedied— although it cannot t* entirely overcome — by so regulating the 
opening* of the cocks connecting the transverse tabes with the supply mains, that those tubes which 
are nearest the end at which the wort enters may receive the largest supply of water, the supply 
being gradually diminished towards tho other end of the refrigerator. ' See ArrEMl’EUAToH. 
Uukwino Aitahatts. 

COPPER. F»,, (Were; Ger., Kupfer; Ital., Rn me; Sfav., Cobre. 

Pure copper is of a light reddish-brown colour and of a high lustre. It is one of the most 
ductile and malleable metals. Sheets and wires may be formed of it with the greatest facility. Its 
fracture is similar to that of tin, or wrought iron. After hammering, its appearance is silky and 
its lustre seems increased. Its specific gravity when cast is 8*85. in wire 8*93 to 8*94, in sheets 
8*95. Copper fuses at 1922° Fall., and absorbs oxygen from the air when thnt is accessible, so as to 
reduce its specific gravity to 8*7 or 8 8. It may be welded when pure. Heated to fusion it absorbs 
oxygen and oxidizes the surface, and Incomes covered with a block crust : by a strong heat in the 
muffle it inny be converted into suboxide nlh>gether. Heated to a white heat, it burns with 
a light-green flame. In dry air, copper is unchangeable; in moist air and in that containing car- 
bonic acid, sulphuretted hydrogen, or other acids, it becomes dark green and assumes a bronze 
colour. , 

Copper ores form an extensive class of minerals, which it is difficult to distinguish by mere 
ocular inspection. However, at all copper veins oxides more or loss green ore found on the surface, 
which, in connection with other marks, form a sure indication of the presence of copper on'. 

Native Copper. — This occurs in crystals disseminated through rocks, usually massive, in the form 
of scales; and compact masses ramifying the rock in all directions. It is found in beds, veins, and 
detached mosses and grains, in solid mck and imbedded in loose soil. Most of the copper-ore veins 
contain metallic copper. Native cop|*r is distributed over the whole surface of the globe, but 
nowhere is it found more generally and in larger masses than in tho United States. It occurs in 
the greatest abundance at Ijike Superior, near Kewenaw Point; at tho Ontanawgaw River, ami 
other localities of that region. Ma sses of native copper, of 80 tons weight, have been excavated in 
the Cliff Mine at Lake Superior. The copper occurs here in trap or sandston e rock, or near their 
junction, in the form of injected veins. 

Tho usual copper ores are sulphurets and oxides; the former are more abundant than tho latter. 
Copper is also found combined with arsenic, selenium, antimony, iron, silver, and acids. 

Selpharet of Copper. — This occurs in various forms. Copper glance is one of the varieties fre- 
quently met with in copper-ore veins. Its specific gravity is 5*5, lustre metallic, colour and powder 
block or lead-grey, fracture cnnchoidul. It occurs frequently massive, but also granular and in fine 
powder. When pure it consists of 77*7 copper, ’91 iron, 20 sulphur, and some silica. 

Copper Pyrites, or yellow copper ore, is the most common sulphuret used in the smelt- works. It 
is rather light; its up. gr. 4*1 to 4 ’3, colour brass- vellow ; it is subject to tarnish in the nir, and is 
then iridescent. It forms a greenish-black powder, of sharp edges. It always contains much 
iron, and is on that account highly esteemed in the smelt-works. Its composition in crystals is 
34 40 copper, 30*47 iron, 35*87 sulphur, anil sometime* a little quartz. It is often largely mixed 
with iron pyrites — in fact, so fur that the latter fills the vein — and there are either only traces, or but 
a small percentage of copper ore in the mixture. Copper pyrites is the principal ore of the English 
smelt-works, as well as those of America, along the Atlantic coast. The bulk of copjtcr is manu- 
factured of this ore. Although copper pyrites is found in great profusion, the ore is always poor; 
it does not often yield more than 12 per cent., ami frequently the body of a vein does not often 
contain more than 2 per cent, of copper. When it can be brought at reasonable prices to the smelt- 
works it is valuable, for it is much liked in the furnaces. It yields its copper with great faeility. 
requiring but little labour and the use of little fuel. The contents of copper in an ore of this kind 
may be estimated by an experienced person on mere inspection. A bright yellow colour and soft- 
ness indicate a rich ore ; a dull vellow, or pole yellow, and great hardness, are indicative of a jxwr 
oro. Copper pyrites is readily distinguished from iron pyrites by its inferior hardness — it may 1* 
cut by a steel point or a knife; this is not tho case with iron pyrites, which will strike fire with 
steel, hut not so that of copper. Spangles of this ore are distinguished from those of gold by their 
brittleness. 

Grey Copper . — This is a variety of aulphnret of copper, which, on account of its interesting com- 
position and its good behaviour in the furnace, is much liked by the smelter. It occurs massive, 
granular, in a fine powder, and also crystallized. It is of n steel -grey, often iron-black colour; its 
up. gr. is 5*1, and it is rather soft and brittle. The composition of this ore varies greatly, but on 
an average it contains from 25 to 40 per cent, of copper, from 20 to 30 of sulphur, and nearly ns 
much antimony. This forms tho bulk of the ore; but it contains besides arsenic, xinc, silver, 
quicksilver, lead, platinum, nnd other metals. 

Oxide of Copper. — Red oxide of copper is hardly used as an ore. It occurs as an occidental 
admixture with other ores — particularly with native copper. It is of a cochineal-red colour, occa- 
sionally crimson-red, or various shades of mi. It occurs in the form of a powder, granular, massive, 
and crystallized. Other varieties of oxide of copper, such as the black oxide, axe of no practical 
Interest. 

Silicate of Copper . — This occurs chiefly ns an accidental admixture of other ores, and is a constant 
companion of them. It is green, varying from the emerald-green of the dioptase to the sky-blue of 
the chrysocolla ; when impure, it is brownish or of an earthy colour. It is most frequently trans- 
lucent, not often opaque. Its sp. gr. is 2 to 2*2. Tho ore contains frequently carbonic acid. 

Carbonate of Copper. — Malachite, green carbonate of copper. This is similar to the silicate of 
copper. It is an ore which accompanies other copper ores. As an ore of copper it is of little con- 
sequence, however rich it may be, becaasc not much of it is known to exist. Its composition is 
71 *82 protoxide of copper ana 20 carbonic acid, 18*18 water. 
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Besides these ores of copper, there are sulphates, phosphates, nraenintcs, chlorides, and others, 
all of which an? of little practical Interest; they are companions of other copper ores, aud occur 
only in small quantities. 

Alloys of Copjtcr . — Of all other alloys, those of copper are of most interest. Copper alloyed with 
arsenic is extremely white, similar to silver; but it is brittle and hard. With zinc it forms brass; 
and the amount of the respective metals determines the variety of this alloy. Pure copper does 
not form close ami compact castings. Instead of pure oopjier, about 99 of copper and 1 zinc is 
considered pure east-copper. Zinc is introduced by adding about 2 oz. of brass, poor in copper, to 
every pound of copper. This quantity may be varied from £ oz. of brass to 8 oz. for every pound 
of copper. Gilding metal consists m 1 oz. to 1$ oz. of zinc to 1 lb. of copper; it is of a bronze 
colour. Red sheet is 3 oz. of zinc to a pound of copper. Manheim gold, pinchbeck, 3 oz. to 4 or.. 
of zinc to a pound of copper. Ordinary brass of a ml colour, for being soldered, contains 6 oz. of 
zinc to a pound of copper ; 8 zinc, 16 copper, is a flue brass. Any proportion between SO zinc, 
BO copper, and 37 zinc, 63 copper, will laminate well and make goou sheets. Common brass is 
50 copper, 50 zinc. Holder may be made by melting brass, and easting it through a broom nr 
faggot of brushes, into a tub of water. < Ir, the whole metal may be cast into iron moulds in the 
form of small cubes, of about 1 lb. or 2 lbs. each. When these are gently heated, nearly to melt- 
ing, they may be broken up into small fragments by a smart blow of a hammer after placing the 
hot metal on an anvil or a thick cast-iron plate. It is stated that 50 copper to 52 or 58 zinc forms 
a dark-coloured metal, which on dipping forms a gold-coloured metal — mosaic gold. Zinc 32 to 
10 copper forms a bluish-white, brittle metal, which may be pounded in a mortar. Zinc 8 and 
I copper forms a white metal little differing from zinc except in tenacity ; this alloy is stronger 
than pure zinc. 

Copper and zinc appear to mix in all proportions, and the extremes of l)oth assume the characters 
of the principal mi 1 tills. The red colour of copper is blended by the white of zinc to all shades 
from red to white. In forming brass by melting the two metals together, a heavy loss of zinc, 
which varies from to j, is always experienced. The usual plan of smelting brass is to melt the 
copper in n blneklead pot first, dry and heat the zinc near to the melting-point, and drop it gradu- 
ally, in sinnll pieces, into the copper, when the latter is not hotter than barely to continne fluid. 
The Editor of the present work found, by experiment, that the zinc should be added when cold 
but dry. When the surface of the hot metal is covered by fine charcoal, which is prevented by 
renewal from burning, the smallest loss of zinc is sustained. Tombac consists of 85 copper, 15 zinc ; 
prince’s metal, 75 copper, 25 zinc; fine brass for turning, 6G copper, 32 zinc, and 2 lead. 

Copper and tin form another most interesting scries of alloys; 20 copper and 1 tin is a flexible, 
tenacious alloy, good for nnils and bolts; 9 copper, 1 tin, was ancient bronze — 7 to 1 is hard 
bronze ; the addition of n little zinc improves this article. Soft bronze, which boars drifting, 
rolling, and drawing, is generally composed of 1G copper to 1 tin ; 12 copper to 1 tin is metal for 
mathematical instruments; 8 to 1, bearingB for machinery; 9 to 1, a very strong metal ; it may lie 
considered the most tenacious of this series. Copper 5 to 1 tin, is very hard, crystallized, good 
for hard bearings in machinery. A soft metal tor bells is formed of 8 tin, 16 copper ; 7 tin, 32 
copper, is for Chinese gongs and cymbals ; 1 tin, 4 copper, is for house l>ell» ; 9 to 32, large bells. 
Speculum metal ranges from 1 tin and 2 copper to equal parts of both metals. Ordinary bronze is 
78 copper, 17 zinc, 2'5 tin, 2*5 lead. Large bells are cast of 80 copper, C zinc, 10 tin, 4 lend. A 
very fine large bell consisted of 71 copper, 26 tin, 2 zinc, 1 iron. A good average bell conqiosition 
is 75 copper, 25 tin. 90*5 copper, 6*5 tin, 3 zinc, is an imitation of gold ; 91 '4 copper, 5*5 zinc, 
1 *4 lend, 17 tin, composes bronze for large statues. Copper 80, tin 20, is common statue bronze : 
92 copper, 8 tin, is bronze for medals; 85 copper, 14 tin, 1 iron, is the composition of ancient 
weapons. Copper 62, iron 6, tin 32, is the composition of ancient mirrors. 

The melting together of tin and copper is leas difficult than that of ziue and copper, because tin 
is not so liable to evaporate as zinc, and little metal is lost. The appearance of the alloy may be 
improved by covering the melted metal with about one per cent, of dried potash ; or, which is better 
still, a mixture of potash and soda. This flux has a remarkable influence on tho colour. And par- 
ticularly on the tenacity of the alloy. The former becomes more red, and the latter stronger. The 
scum forming on the Burfacc by this addition ought to lie removed before the metal is cast. Tin 
and copper Are liable to separation in cooling; this can be prevented, at least partly, by turning 
the mould containing the fluid metal, and keeping it in motion until it is chillca. 

The ancients manufactured their tools of copper, and hardened them as we harden iron. This 
art appears to have been understood over the whole world, for tho Asiatic nations, Africans, anil 
Europeans, as well as tho American Indians, knew how to render copper hard. The copper of these 
ancient people was always impure, very likely in consequence of tho composition of their ores. 
Their bronze-metal contains always more or less tin, lead, zinc, arsenic, silver, and gold. Tho 
hardening extended frequently through the body of the metal, but generally it was confined to the 
surface. 

A remarkable difference is perceptible between the alloys of copper and those of iron in reepeet 
to hardening. Iron alloys, anil most others, become hard on being heated and suddenly cooled, 
while copper alloys become softer by such an operation. Compression has a similar effect on these 
alloys, as on all other metals — it renders them hard. 

Copper and lead unite only to a certain extent ; 3 lead and 8 copper is ordinary pot-metal. All 
the U*a«l may be retained in this alloy, provided the object to lie cast is not too thick. When the 
oast is heavy, or much lew! is used, it is pressed out by the copper in cool ing . One lead, two 
copper, separates lead in cooling— it oozes out from the j sires of the metal ; 8 copper and 1 lead is 
ductile, more lead renders copper brittle. Between 8 to 1 and 2 to 1 is the limit of oopper and lead 
alloys. All of these alloys arc brittle when hot or merely warm. 

Alloys of cooper are subject to the same laws ns others ; and as they arc generally more tenacious, 
more use is made of them. Phosphorus renders copper very hard, brittle, fusible, and oxidizable. 
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Clean copper, held in the v»j»ours of phosphorus, i« *u<w«tftilly hardened. A very little of thin 
substance molted toother with copper, cause* it to be vorv hard, similar to steel. Carbon combines 
with copper and causes it to l»e brittle. Silicon also comoinea with it, hardens it, ami, if present 
in a small quantity only, docs not impair its mnllenhilitv. Arsenic 1ms only n faint affinity for 
copper: still the last traces of it cannot he driven off by more heat; the combination is brittle. 
Kqual jmrt* of copper and silver, and 2 per ceut. of arsenic, form an alloy similar to silver, a 
little harder, however, but of almost equal tenacity ami malleability. Antimony imparts a peculiarly 
beautiful red colour to copper, varying from rose-red in a little copper aud much antimony, to 
crimson or violet when equal parts of l*»th metals are melted together. 

Usrt. — The application of cop|ier, either in its pure condition or as an alloy, is so universal that 
but little can be said nn this subject. It is used for sheathing and bolts for ships, for boilers in 
factories, distilleries, dyeing establishments, steam-boilers, &o. Rollers, shaft-bearings, engravers’ 
plates, and kitchen utensils, are manufactured of pure copper or its alloys. For cylinders, water- 
pumps, coins, wire, and a multitude of purposes it is also used. Its oxides form fine colours, but 
arc deadly poisons. 

Manufacture of Copper . — Smelting of copper is an extremely simple process, Ijocauso it is as 
permanent as iron, and little affected by heat and oxygen. Tho metal which occurs mixed with 
gongue, consisting chiefly of silicious rock, is cut into small lumps that mav enter the furnace; 
these are in some instances of a ton weight and more. Or, if the metal is disseminated through 
the mass of the rock, either in grains or in small veins, it is pounded and washed in a stamping mill, 
and the contents so far concentrated that the sand contains from 70 to 75 |*>r cent, of copper. This 
is called stamp- work, and sent in barrels from the mines to the smelt-works. Copjier from this kind of 
native metal is smelted chiefly in reverberatory furnaces. Small blast furnaces arc often employed 
to smelt copper. For smelting it thus, from stamp-work or lumps, any reverberatory furnace may 
be used, eiuier of those in which copper is refined or smelted, or a roasting furnace umy be easily 
converted into a smelting furnace. The operation is simple, and will l>e described hereafter. 

SmciUmj in Kererhenitvry Fu m> ice .*. — There are two distinct methods of smelting copper ores; 
the one is in reverl>eratorH'a, anti tho other in blast furnaces. As the operations are similarly con- 
ducted in the various countries where they are practise*!, and as the smelting of oop|x>r ores in 
reverberatories is done with skill and much experience at Swansea, wc will first describe the 
operation as it is there performed. 

In all instances tho copper ores are sorted at the mine, the lumps broken, and large pieces of 
rocky matter thrown away. The ore is then classified in various qualities, of which the impure 
ore is Bent to the stamp* to' bo crashed and washed. Clay ores are broken into small pieces and 
washed by hand. All the rich ore, or that ready for smelting, is broken with the better to lump* 
of the size of nuts, and freed from light impurities by riddling. 

The small and impure ore is washed with a sieve iu water, which carries away the stony parts 
and leaves the metalliferous ore in the tub. Those parts of tho ore which ore very impure, but 
will pay for crushing and washing them, are sent to the stamping mill. 

The stamping mill is similar to tho one given, p. 273. The oro ia hero converted into powder, 
more or less fine, and separated from ganguc in the labyrinth or aliine troughs ; or, the ore is washed 
on the sweep-table, shown in Fig. 2105. In fact, the purifying of copper ore doea not essentially 



differ from that of other ores. But as the specific gravity of copper ore ia small, much care should 
be taken not to crush it very fine iu the stamps. 

The furnaces used in this operation are five in number; they are all of similar construction, 
and so far all the various operations rany be performed in the same furnace at different times. 
Still it ia found to bo profitable to divide the operation, and perform it in different machines. In 
Fig. 210G, A, ia shown a plane, and in B, Fig. 2107, a vertical section of a reverberatory calcining 
furnace. This furnace ia not essentially different from other reverberatory furnaces. The vault C 
is an addition ; into this the ore ia discharged when calcined. The furnace is constructed partly 
of fire and partly of common bricks, and strongly bound. The hearth is from 18 ft. to 19 ft. 
long, and 14 ft. to Id ft. iu width. The fire-grate ia 5 ft. by 3 ft. The fire-bridge ia hollow, and 
through it fresh air is conducted to the ore under treatment. Two hoppers A, A, serve for letting 
in the ore. The chimney is low. 

The first process ia the calcining. Three and a half toua of dean ore arc charged into the 
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furnace at a time, which in, with occasional stirring at intervals of two hours, ready to be with- 
drawn after a heat of twelve or fifteen hours, and let into the cab— vault— beneath. Here it remains 
os long ns possible in a close heap, at hast so long as the vault is not needed for the next charge. 
When the ore is withdrawn it is spread evenly on a floor and damped. In this o|)crntion it loses 
much of its sulphur, and after being cold and wetted is ready for the next operation. 



The second process is the smelting of the ore. The furnace for this purpose is much smaller, 
only 11 ft. long, and 7 or 8 ft. in width. The grate is as large as the one in the calcining furnace, 
because a higher heat is here required. The furnace has only one work-door at the flue, and in 
ono side a similar a|*rturc for cleaning the hearth. The hearth is formed of coarse sand, and 
slopes slightly townrda the door in the side. Below this door then' is an iron grating which 
covers n vault of water, into which the metal is discharged and granulated. A hopper is placed 
in the top of the fumnre for letting in the charge. 

A charge in one of these furnaces consists of 21 to 24 ewt. of wasted ore, which takes four 
hours for smelting, adding slags frem reliuing, and also fluxes, if such are necessary. Two cwt. of 
slags are generally charged with the ore, besides lime, fluor-sjwir, or other fluxes, according to the 
quality of the ore. The time of smelting these charges is four hours, after which the slag at the 
top of the metal is skimmed off by means of a rabble, and drawn out at the work-floor into a bed 
of sand. The metal is not drawn at every heat, but only once or twice each twenty-four hours. A 
second charge of ore is therefore thrown into the furnace, after the poor slags are removed; the 
furnace is then shut once more, and that charge melted. When the metal, which is matt, an alloy 
of all the metals in the ore, and sulphur, rises as high as the bridge at the work-door, the tap-hole 
below is opened, and the matt either nm into the basin of water below the furnace for granulation, 
or into a bed of damp sand. The me tallic grains which are thus fonm*d oxidize rapidly, particu- 
larly on their surfaces. The colour of this crude metal is a steel-grey, its fracture compact, and it 
is of much lustre. The scoria rejected after this process contains always some metal ; copper and 
tin are found to be present in 1 or 2 per cent, in this silicious slug. The matt produced contains 
about 33 percent. of copper, or four times ns much as the ore; the other per cent, is chiefly 
sulphur and iron. If with the use of the refining slags the ore does not flux, the addition of flunr- 
spor is retorted to. Great care must be taken not to use too much of these fluxes, for all scoria, 
no matter of what description, will contain copper; and the more slag there is made, the greater 
must be the loss in metal. The size of the smelting furnace is so regulated, that it consumes all 
the ore which is calcined in the first furnace. 

The third operation is that of smelting the crude metal, nr matt, of the second process, with the 
slags of the fifth process. This slag is chiefly a peroxide of iron, and the operation may be called 
on this account a roasting one. This calcination is performed in the large furnace, represented in 
Figs. 210fl, 2107. The charges consist of 2 tons of matt, with nearly an equal amount of sinus. 
The operation lasts twenty -four, and sometimes thirty or thirty-six hours, under repeated puddling 
of the ore. In this process much care must be taken to regulate the heat ; it should be performed 
on the principles of roasting, by commencing with a low heat, which is gradually increased to the 
melting-point. The ore is tapped into the vault under the furnace, and oxidized by exjioaure. 

The fourth process. This is again a smelting operation performed in the smelting furnace, of 
which Fig. 2108 shows n plan. The charges are 28 or 30 cwt., and a heat lusts from five to six 
hours, or when slow, eight hours. At every charge the metal is tapped, w hich now is a rich matt 
of GO tier cent, of copper. It is frequently very pure, and thch it is called tine metal, and run into 
moulds, forming pigs ; sometimes all of it is pimpled copper. In this operation there should be 
still so much sulphur in the metal as to cause sufficient fluidity; if there is a lack of it. some 
green ore is charged with the matt. When the metal from this operation is far from the rcguline 
state, it is run into water and granulated. 

The slags from this last smelting, together with some other slags, are sometimes melted in a 
furnace by themselves, which forms a particular operation. The matt obtained from these slags 
is a white aud brittle alloy. The slags are also partly thrown away, but most of them arc used in 
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the first proeww, The matt obtained is smelted separately, and then added to tbo first smelting, 
or the second operation. 

Fifth prooew. The fine metal in the form of 
pigs of the foregoing operation, is charged to tho 
amount of 2| or 3 tons at once in the caleining 
furnace, and exposed for twenty-four hours to a 
gentle heat. It should not melt, at leant not for 
sixteen hours, and when melted afterwards it is to 
he repeatedly skimmed. The metal from this cal- 
cining ojx? ration is drawn into a tx-*l of sand, and 
formed into pigs, which are fine metal for the re- 
fining furnace. 

Tire sixth process is that of refining or tough- 
ening the metal. This operation is done in the 
smelting furnace ; a charge of metal is from 3 to 
5 tons. The pigs arc exposed in the furnace to a 
roasting heat for twelve or sixteen hours, then the 
charge is melted, skimmed, and worked as clean as 
possible. A test of the inetui is, after twenty hours’ 
heat, taken by means of an iron ladle. A small 
WTought-iron foundry ladle is washed and heated 
in the fluid copper until it becomes red hot, or as 
hot as the metal itself. A ladle full of metal is now taken from the furnace and exposed to a slow 
cooling in the air. If tho copper is fine enough, it will settle considerably in the ladle. The sur- 
face of the metal in the furnace is now covered with fine charcoal ami prepared for refining. If 
the copper iu the ladle swells np, or shows veins or black spots, it is not fine enough. In order to 
accelerate tho process, a pole of wood is now used for stirring the metal diligently for ten minutes, 
after which another ladleful is taken for trial ; it is now found to be tine, it will settle in the ladle. 
Good fine metal is brittle, of a deep colour, coarse grain, porous, and crystalline. Tho surface of 
the melted copper is now covered with fine charcoal, and tho metal repeatedly stirred by means of 
wooden poles. The grain of the copper liecomes finer by this operation, and tho metal tougher. 
A test of tho metal is now repeatedly taken in n small iron ladle, and when considered sufficiently 
refined, it is tried by moans of a hammer on the anvil, while still ml hot. If the inetnl forges soft, 
does not crack on the edges, and the refiner considers colour and grain sufficient, it i3 ladled out 
of the furnace with large ladles and cast-iron moulds. These form either pigs or slab#, 12 in. wide, 
13 in. long, and 2 or 2| in. thick. These slabs are ready for the rolling mill. 

In the progress of these different operations, tho use of tho slags forms a remarkable point far 
consideration. From the last smeltings the slags go bock to the first process, to be either calcined 
or smelted. The refining sings are smelted with the metal in the formation of matt ; and those 
from the smelting of matt are used in the calcining operation. The arrangement is such that the 
slag from the last operation is returned to a previous one. In each smelting some of the slags aro 
thrown away, os too poor for the further work of extraction. 

The fine metal of the sixth operation should }>e blistered or pimpled metal, containing from 94 
to 90 per cent, of copper. Pimpled metal always assumes blisters, like those on converted steel, 
when cast into a sand-bed. The brat on the fine or blistered metal is longer or shorter according 
to its purity ; an impure metal requires more heat than a pure metal. In some instances but a few 
hours’ roasting are sufficient, in others a longer time is required. When the copper is melted in 
the refining furnace there is no harm done in stirring and cooling it, alternately, so as to chill the 
metal, and then melting it again. The rabbling, or puddling, must be continued until the copper 
is fine; iu this operation the foreign metals become oxidized and vitrified. Tho slags of all the 
various operations contain more or leas copper, particularly those of refractory ores. Neglect in 
skimming causes the slags to absorb and retain much metal. The slags of the course metal, or 
matt, take up the oxides of iron aud tin, and often contain 5 per cent, of copper ; they are therefore 
re-smelted. If the ore contains much tin, antimony, lead, and other metals, the slags of the fourth 
operation are smelted iu a slag furnace, and the metal obtained used as pot-metal, either for brass 
and copper nails, or, if much tin and hail are present, pewter is formed of it. 

When the point of refining is passed, in the operation of refining copper, the metal deteriorates 
in value, it becomes carbonized ; this is prevented by exposing the hot surface to the action of the 
flame, and in skimming charcoal and slags off. Good metal is bright on the surface in the furnace. 
It is of a fine red colour when role]. 

In the Blast Furnace . — The other method of smelting copper ores is in the blast furnace. The 
ore for this operation is sorted, washed, stamped, and in fact prepared as lead or silver oree. Poor 
ores, such os copper stists, are roosted iu heaim, for fifteen weeks or longer. In smelting, matte are 
formed, as in re v er beratories, which are re-smelted, and finally refined. In Figs. 2109 to 2111, two 
vertical sections, A and B, arc shown of a blast furnace ; and in 0, Fig. 2111, the piano section with 
its two basins 1) D. The height of the furnace is about 14 or 15 ft. : the widest part of the boshes 
39 in. ; the hearth is 2 ft. square. The basins 1) L) are 8 ft. in diameter and about 21 in. deep. 

The copper ores, after having been roasted, are smelted by charcoal or coke — anthracite is 
perhaps preferable to either. Tho tuyere is generally poshed far into the furnace, so as to concen- 
trate the neat in its centre. About 4 tons of ore are smelted in twenty-four hours with a considerably 
strong blast. In this operation a matt and a Blag are smelted ; the first contains from 30 to 40 per 
cent, of copper, and the latter frequently 5 or fi per cent, more or less, according to the kind of ore. 
The matt contains sulphurcUof copper, iron, silver, zinc, arsenic, cobalt, and in fact all those metals 
which were originally in the ore. It is tapped alternately into the basins and the slags removed 
from its surface. In cooling, it forms on its surface round plates which may be lifted from the 
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fluid metal. These contain matt of a variety of compositions, according to the height of the metal 
in the basin. 

2109. 2110. 



The matt thus obtained is generally roasted, either in kilns, or more generally, at present, in 
roverberatories, of which Fig. 2112 represents a vertical section of a German one. Fig. 2118, B, 
shows the same furnace in an opposite section to that of A, Fig. 2112. Above the two furnaces there is 
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a condensing chamber C, into which tho volatile metals are conducted. These two furnaces, one above 
the other, are so arranged that cither of them may be used separately. The flame is then conducted 
from the lower furnace in a separate flue into the condensing chamber, tho partitions in which are 
so arranged that the gases ore conducted from one into the other until they escape into a chimney. 

The matt is roasted in these furnaces from three to six times; this is, therefore, an extremely 
slow operation ; subsequently it is exposed to smelting again in the blast furnace. Crude copper is 
now obtained of a granulated fracture, which is ready for refining. After the aliove-mentioned 
roasting is performed, the ore is lixiviated in water, in order to extract the solublo sulphate of 
copper, which is precipitated by means of metallic iron. Tho coarse or black copper forms the 
lowest stratum in the smelting furnace, and also tho basins ; above this floats a poor matt covered 
by a silicious slag, which is thrown off and rejected. The matt and tho metal underneath are 
gradually lifted out as it cools, and are in the form of rosettes. 

The fine copper thus obtained from the blast furnace is most generally refined in reverberatory fur- 
naces. In all instances tliat copper which has been smelted in blast furnaces is subjected to refining 
in the reverberatory, if it is brought into market directly from the blast furnace : this kind of 
copper is quite impure, which renders it unfit for being rolled into sheets. The impurities are rungt 
successfully removed in the reverberatory, ns they congist chiefly of carbon and oxidizable metals. 

A copper-refining furnace, as it is used by the Germans, is shown in Fig. 2114 in plane. Tho 
hearth A, 7 ft. in diameter, is formed of sand, or clay and fine charcoal. B B are two receiving 
basins, for ladling out the copper, or forming rosettes of it. Three tons of black copper are melted 
at once, and as soon a« tho metal is fluid the bellows aro act in operation, which, by means of tho 
tuyeres CC, furnish blast on the surface of the metal, and oxidize it rapidly. A thick slag is 
thus formed, which is constantly drawn off. so as to expose a clean surface to the action of the 
Mast. The refining lasts about sixteen or seventeen hours, and the loss of metal amounts to 3 per 
cent., which is absorbed by the slags. The latter is returned to the blast furnace. 
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The expenses for smelting copper ores are high, on account of tho many and tedious operations 
which must bo performed. Boor sulphureous ore, or that which contains but 8 or 10 per cent, of 
copper, is tho most profitable in the reverbe- 3l j 4 

rntory; rich ores should be smelted in the 
blast furnace. Ores of 0 j>cr cent, consume 
20 tons of mineral cool for the production of 
1 ton of metal ; poorer or richer ores than 
those cause the use of still more fuel. The 
labour spent in working the ore amounts to 
still more than the fuel consumed. 

Copper is brought into market in differ- 
ent forms. For melting brass it is sold in a 
granulated form — bean-copper. This is pro- 
duced by pouring it through an iron strainer, 
made of a ladle, into cold water. Hot metal 
causes round beans, cold metal oblong beans. 

Russian copper is sold in small square slabs ; 

Spanish copper in the form of pigs. 

The rollers used for laminating copper or 
brass are plain cylinders, as shown iu Fig. 21 15, 
not often more than 36 or 40 in. long, and 10 in. in diameter. Rollers 5 ft. long and 20 in. in diameter 
are used for large sheets. Slabs for rolling art* gently heated on the hearth of a reverberatory 
furnace. Fig. 2116, to a dull red heat. At first singly, and as the sheets become thinner, they arc 
passed in pairs, or three 
sheet* and more at once, 
through the rollers. In 
the process oflumination 
the metal becomes cold, 
and by compression hard ; 
it is therefore reheated, 
which serves in the 
meantime, when per- 
formed slowlv, for an- 
nealing. When largo 
sheets arc to be rolled, 
the annealing furnace 
must be of a sufficient 
size to contain them. 

They are greased before passing them 
between the rollers. 

Some kinds of copper contain largo 
quantities of silver, for which the I sues 
Superior copjasr is particularly distin- 
guished. We shall allude to -tho ex- 
traction of this metal under the head 
of silver. 

Theory of SmeUiny Copper . — The 
copper of commerce is not pure : it is an 
alloy, a* well os other metals. A quality 
of Norway copjier, much esteemed by 
brass manufacturers, contains 113*5 
copper ami * 5 lead. Hard Ilungnriou copper contains 99 copper, * 7 nutiinony, * 1 iron. A superior 
quality of Swedish copper was composed of 8*66 copper, *75 lead, *05 iron, '23 silver, *05 silicon, 
•02 aluminum, *03 magnesium, *12 potassium, and *99 calcium. These assays show how much 
impurity copper may contain, and still bo considered as a good article. Tho purest kind of copper 
should be employed for sheets. A minute quantity of lead causes copper to roll badly, and iron 
causes it to be brittle. Other mixtures are less injurious than these metals. It has been observed that 
the purest copper contains protoxide of the metal, a fact which is established in most other metals. 
The best kinds of copper are those which have been smelted by churcoal, and contain minute 
quantities of potassium. Bell-founders and other workers in bronze and brass are in the habit 
of covering the metal with potash or soda. This causes it to be close, sonorous, and of a fine 
grain. The substances most injurious to copper are lead, iron, antimony, silicon, carbon, sulphur, 
phosphorus, arsenic, and some other. Small quantities of lead, iron, nickel, silver, aluminum, 
magnesium, calcium, sodium, and potassium, improve tho tenacity And general qualities of tho 
metal. In refining copper, it must be therefore of advantage to hove the surface of* the metal 
covered with charcoal which has been soaked or damped with a solution of carbonate of potash 
or soda. These alkalies cause the removal of lead, tin, zinc, and iron, and prevent the flying or 
boiling of the metal. 

The fine copper of the smelter, pimpled copper, black copper, or blistered copper, is an impure 
copper which contains much iron. This kind of metal is wo far purified copper as to allow its colour 
and faint metallic properties. Black copper, smelted of pyrites, contained 95*7 copper, 2*9 iron, 
‘6 zinc, and *8 sulphur. Some crude copper, smelt* d of carbonates and oxides in the blast furnace, 
was composed of 89*3 copper, 6*5 irou, 2*4 peroxide of iron, *3 sulphur, and 1*3 silica. We may 
mention that silica, combined with the protoxide of iron, exists in the form of slag in the copper. 
A coarse metal, which was derived from n refining cinder, coutaincd copper 27*6, iron 2*5, cobalt 
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19*7, nickel 35*2, lead 12 ’4. A metnl which furnished a prime quality of copper, in refining it, 
constated of 95*5 copper, 3*5 iron, *4 bismuth, *G silver. 

The composition of the crude metal depends on the comjKwition of the ore. In metal derived 
from sulphur*' t* much sulphur is found; and in that from oxides other metal* form the impuritic*, 
which must be removed before the metal is saleable. Iron forma, in most instances, the bulk of 
the impurities, end it must be the object of the refiner to remove it entirely. The presence of 
silica is required to oxidize ami remove iron ; but, as the oxide of copper has also a strong affinity 
for silica, the heat should lx? low, and the iron slag, ns soon os formed, should be removed by 
skimming the metal. In crude copper derived from pyrites, the iron may be supposed to be present 
ns Hulphiirct ; and as, in oxidizing this, the metal is oxidized to the highest degree, it is necessary 
that carbon should be present to reduce the peroxide of iron thus formed, and convert it into 
protoxide, suitable for a union with silica. Such crude copjxir should therefore be refined under 
cover of charcoal, agitated by means of wooden poles. Copper smelted of oxides contains the iron 
in a metallic state, in the form of grains ; for the affinity between these two metals is so faint that 
they do not unite chemically. The proper mode of refining this kind of crude copper is to melt it 
nt a pretty strong heat, and stir or puddle it by moans of an iron rod or hook, such as shown in 
Figs. 2117, 2118. Other sulmtances than those above mentioned arc easily removed from copper. 
Lead, zinc, btainuth and arsenic 
are volatile, or their oxides com- 
bine readily with )K>tash or soda, 
by the addition of which they 
will s^iNH-ato from the metal A 
small quantity of precious metal 
does no harm to copper, and large 
quantities, such ns one |x*r cent, 
of silver or gold, mny lie pro- 
fitably extract*-*! from it. Cobalt is removed with the iron, and nickel does no liarm, for the 
alloy may be used as nrgentan in case much of this metal is present. When iron chiefly is to be 
removed, a chan surface of the melted metal is required in order to facilitate its oxidation. All 
other metals ought to oxidize slowly, and the oxides should be supplied with some alkali to com- 
bine with. 

The impurities of copper are brought into the metal either by the ore, flux, or fuel. Iron is 
generally uses! as flux ; if there is not sufficient of it present in the ore, it is added in smelting. 
Hut, as this method of using iron causes the formation of balls or lumps of refractory metal, or 
slag, in the furnace, the poor copper ore which contains iron as a natural admixture is preferred, 
since it is not liable to balling. The iron is in sulphuretted slags, in the form of sulphuret of iron. 
In slags derived from oxidized ores, it is in the form of protoxide. In the first kind of sing, sulphur 
causes its fusibility; in the second slag, silica. The former is a sulphuret, the latter a silicate. 
Both these compounds may be present in a slag; this, however, is not often the case. Generally, 
the silica separates from the sulphuret, and, as the first ta not so heavy as the latter, it floats on its 
surface. In smelting, we thus obtain a slag which is a silicate, as the highest stratum, and a slag 
which ta a sulphuret below that ; the latter ta called matt. When metals are present which have 
only a faint affinity for sulphur, such as load, gold, or silver, these gather below the matt And slag, 
as we have seen in smelting hud. So long as sulphur is present in the slags, wo cannot succtxxl in 
removing all the iron from the copper, nor all the copper from a sulphureous slag. Bilieate of 
copper is refractory. All the metal may l>e extracted from a silicate, provided the union of copper 
ami silex is prevented. The metal should be sejwrated before silex is admitted to act on its oxide. 
Thus we have a series of operations in the reverberatory, all calculated to remove iron by means 
of silex, and retain and concentrate the copper in the form of a sulphuret or matt. The addition of 
silica to rich ores is, therefore, a necessity; but as it is difficult to estimate the prorx*r quantity to 
be used, such rich ores are not always so profitable to work as the poorer kinds. Too much silex 
causes a stiff cinder which absorbs copper ; and ton little silex does not absorb all the iron, and 
forms a stiff slag which cannot lx* wjiamted from the copper, and causes it to form balls and 
oxidize. In smelting copper, os well as other metals, the sings are never too fusible ; stiff pasty 
slags always retain grains of metnl. It makes no difference by what means copper slags are 
rendered fusible, provided they melt at a lower degree of heat than the metnl itself. Copper 
cannot lx* reduced from its sulphuret — it should bo oxidized; therefore the smelting of copper ta 
divided iuto a succession of processes, consisting of Alternate calcinations and smeltings. 

Blag fmm a smelting of copper pyrites in a reverberatory contained 48*2 silica, *5 protoxide of 
copper, 37 protoxide of iron, 3 oxide of tin, 4 lime, I magnesia, 1 *8 alumina. This slag ta thrown 
away, because it contains but little copper. Blag from rousted pyrites, smelted in a low-blast 
furnace, contained, — silica, 51*8; protoxide of copper, 1*4; protoxide of iron, 29*2; baryta, 8'8; 
alumina, 5. The same kind of ore, smelted with more iron, furnished, — silica, 35 ; protoxide of iron, 
41; oxide of zinc, 3 ; baryta, 12; lime, 3 ; magnesia, 2; alumina, 4. This composition furnishes 
a more fluid slag than the former, anti ta oousequently fret* from copper. When the addition of 
iron ta necessary, it should be made in the form of forge cinder, or puddling-furnace cinder, from 
the iron-works ; because that form of iron fluxes well, without furnishing metal. The following ta 
an assay of n sing which contained too much iron; silica. 83*6; protoxide of copper, 3; protoxide 
of iron, 51*5; lime, 5: alumina. 5*6. This slag, besides containing much copper, caused the 
deposition of considerable iron in the smelted copper, which formed halls of refractory metnl con- 
stating of 89*4 iron, 2 copper, 7 cobalt, and 1 *8 sulphur. We thus see that the quantity ami form 
in which fluxes are used is of much importance in this operation. Copper mny 1x5 smelted from 
crude ores with success, ns it is performed in Bwedcn : hut the operation requires skilful hands to 
mnnngo it. The fluxes arc arranged so as to form a silicate, consisting of silica 56*5; protoxide 
of iron, 14*9; lime, 6*3; magnesia, 14*3 ; alumina, G. This ta a first-rate slag, and works well in 
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the low-blast furnace. The flux commonly used is limestone ami forge cinder. More lime and 
lens imn causes the copper to be very impure, and the slags contain copper; it also causes vexatious 
work in the furnace. Slags from copper-smelting resemble the* forge cinder of the iron-works ; they 
are, however, generally not so glassy, and often contain oxide of iron not combined with silica. 

The matter obtained in the various processes is a oom|x>und of metals and sulphur, differing 
with the kind of ore from which it is obtained and the mode of operation by which it is formed. 
Roasted pyrites, smelted in a low-blast furnace, such ns is used for smelting lead, furnishes a matt 
consisting of 27 copper, 40 iron, 25 sulphur, ami 8 earthy matter. Rich matt, smelted in a blast 
furnace 10 ft. high, from roasted ore, contained 58 'G copper, 13' 2 iron, 23*2 sulphur, and 'G earthy 
matter. 

The slags obtained in refining furnaces are a combination of the oxides and sulphurcts which 
are contained in the crude metal. Refining is at present exclusively performed in reverberatory 
furnaces, either with the assistance of blast or without it ; in either case the metals are oxidized by 
the oxygen of the uir, and the sand of the hearth furnishes the silica for vitrification. These slags 
always contain a large quantity of copper, and are therefore re-smelted, either by themselves, or 
returned to earlier operations. The predominance of other metals than iron in the slags is 
indicative of a corresjmnding quantity of copper. Oxide of antimony is particularly apt to form 
and absorb oxide of copper. Lead has a similar effect, but in a far leas degree. The slags obtained 
from the refining operations are easily reduced in a small blast furnace, and furnish an alloy. 
Smelted in a crucible with black flux, an assay of them is obtained in which all the other metals 
arc present except iron. Their appearance varies greatly; when thpy contain much iron and 
sulphur, they are grey or black. Slags which contain no sulphur are brown, semi-trAnsjxireiit, and 
often blood-rod, magnetic, of all shades of colour between black-brown and light red. 

On whatever principle the extraction of copper from its ores is conducted, the composition of 
the ore and flux is so arranged that the yield does not amount to more than 7 or 8 |H-r cent. The 
first smelting yields then a matt of 30 per cent, of eop|ier ; the second smelting, one of GO per oeut. ; 
and the third smelting, crude metal or pimpled copper of 75 to 85 percent. In blast furnaces, ores 
of 2$ per cent., or less, in yield, may bet smelted to advantage. Rich ores are smelted in a low 
furnace, the height of which varies from 5 ft. to 18 ft. The first smelting of a 2} j»or cent, ore 
yields, in Sweden, in the first smelting, a matt of GO per cent, of copper ; ami the second smelting, 
after roasting the matt, yields crude metal of 85 or 30 per cent, copper. In Germany, an argenti- 
ferous copper is smelted of bituminous slate in high-blast furnaces, which yields only from 1 to 3 
per cent, of copper ; the copper has not quite J per cent, of silver. In all these various forms of 
smelting copper ore, a rapid oxidation by a high heat cannot be permitted, in order that the forma- 
tion of silicates of copper may be prevented. Calcining is performed at a low heat, because if 
the ore was subjected to fusion in the operation, much copper would unite so closely with the silica 
as to become inseparable in the smelting furnace. Sulphur and silica are necessary fluxes in the 
reverberatory. In the blast furnace, copper ore may be smelted by fluxing it with lime or silicate 
of iron ; and where the luttcr can be obtained in sufficient quantity, there is no doubt but that the 
smelting is cheaper when performed in the blast furnace than in the reverberatory. Refining 
should be invariably done in the reverberatory. 

That ingenious and experienced manufacturing chemist, Peter Spence, of Manchester, has intro- 
duced some useful and im}M>rtant improvements in the metallurgical process of copper-smelting. 
Spence observes, in the Mining and Smelting Magazine (1804) ; — 

•* It is well known to those conversant with our staple chemical manufactures that, for many years 
back, a large proportion of the sulphuric acid required in them has not been produced from the 
sulphur im}>ortcd from Sicily, but has been made from iron pyrites (bisulphide of iron) which is 
largely found in Ireland and Cornwall, and is also largely imported from Belgium and other parts 
of the Continent ; and that, more recently, immense de|*o«its of pyrites, rich in sulphur and con- 
taining from 2 to 4 per cent, of copper, have been found in tho Peninsula, on the borders of Spain 
and Portugal. These last-named pyrites have come into extensive use, and, from their richness in 
sulphur, ore preferred to the pyrites derived from other sources; so that tho importers get a higher 
price for them than the value of the copper they contain, and consequently seldom sell them to the 
copner-smeltera. The chemical manufacturer, in fact, has to purchase these ores at the value of 
both the copper and the sulphur, and, after extracting the sulphur, has generally to sell the ore to 
the copper-smelter, thus incurring a heavy cost in carriage on an article of small value per ton, 
and sometimes also a large loss from the uncertainty of the ordinary mode of assaying. 

M From these circumstance*. I found that in using Spanish pyrites the sulphur was costing mo 
rather a heavy sum ; and in 18G1 1 la gan to look round for some mode of lessening this cost. Hy 
extracting the copper from the burnt ores, if it could have been done without loss, I found I could 
save G00/. per annum in the mere carriage of the burnt ore to the smelters. 

“ I first, in connection with Rumney, of Manchester, went into the wet method of extracting 
copper. But having operated on marly 2000 ton* by various modifications of this method, our 
success seemed so problematical that the experiment was abandoned, with a loss of about 2000/. 
Indeed I am fully convinced by my own exjierience, added to that of almost all who have tried tho 
extraction of copper by purely chemical wot processes, that such processes are not applicable in 
practice. 

“ I next turned my attention to the fact that the largo copper-smelters in South Wales and else- 
where, were then, as they are at this moment, throwing out into the atmosphere, ns to them an 
utterly useless product, the sulphurous acid gas which the chemist is so anxious to get cheaply, and 
that in quantities that would more than meet all the demands of the staple chemical manufactures. 
I asked myself whether I could not avail myself of this sulphur, which cost nothing and had no 
value to the smelter. The first difficulty w as a mechanical one. All the pyrites then used iu che- 
mical works (whether Irish, Belgian, or Spanish) were imported in large mosses, which were broken 
up into fragments of from 1 to 5 cub. in. in size. From these the sulphurous acid was extracted by 
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combustion in kilns somewhat similar in construction to small lime-kilns : but before charging the 
pyrites into these kilns all the dust or small had to be sifted out, as otherwise it would choke or 
damp the draught of the kilns and prevent combustion. 

“ When, however, attention was directed to the ores used by the copper-smelters, it was found 
that all the ores Bold in Cornwall, and nearly all those imported, were crushed up before being sent 
to market, and tlwt, in fact, the smelter used only small ores. Now, no method was then know n by 
which these small ores could practically be calcined so os to economize the sulphur ; for though 
re)»eutcd experiments had been made, at great expense, bv the large copper-smelting Anns to cal- 
cine their ores in such a way as to condeuso the sulphur, all such attempts had ended in failure— so 
much so tliat all endeavours on their part to effect this object have been obnndoued. 

44 To prove that such is the case, I take the liberty of giving an extract from the cvidcuco 
given by I)r. Percy before Lord Derby’s Committee on noxious vapours. 

“ ‘ Lord Derby. — The statement of I aj Play, that 40,000 tons of sulphur are annually lost, only 
goes to this, that if there were any known means of preventing the evolution of that sulphur, there 
would bo a saving to that extent ? 

4 * 4 Dr. Percy. — Undoubtedly, if it could be collected economically, it would be an advantage to 
the copper-smelters. 

44 4 Lord Derby. — You are not prepared to say that it could be. 

44 ‘ Dr. Percy. — I am not prepared to say that it can, by any known method. I am acquainted 
with all the attempts which have been made to obviate this nuisance — for a nuisance it undoubtedly 
is — but I believe they liave not been found effective. 

44 4 Lord Derby. — What, in your opinion, is the reason why it is impossible to condense, or in 
any way to dissipate, this vapour? 

44 4 Dr. Percy. — I do not say it is impossible at all ; all I say is that I know of no method, at 
present in existence, whereby it can be completely and economically condensed.’ 

“One of the attempts probably referred to by l>r. Percy was a furnace used by a Lancashire 
copper-smelter, chiefly for producing arsenic from the copj>er ores, but |wvrtially used for the pro- 
duction of sulphuric acid from these ores. While my attention was directed to the subject of copper 
ores as a source of sulphur, a friend of mine in Manchester got the plans, and erected one of these fur- 
naces, which were called dummy furnaces. At his request l saw it while building, and without hesi- 
tation said it would be a failure, which it turned out to be; for, after being used for a few months, 
it was pulled to pieces, its fallacious principle becoming apparent. This being then considered the 
best thing hitherto tried for the purjxise, I at once determined to attempt the erection of a furnace on 
what 1 considered sound chemical principles. The furnace I erected was successful in calcining the 
small ores with a small expenditure of fuel and labour, w ith elimination of all the sulphur, if tliat 
was required, and enabling me to send all the sulphur so eliminated into the vitriol chamber, as 
sulphurous acid gas. Very soon after, I erected additional furnace* ; and all the sulphuric acid made 
at my works at Manchester and at Uoole since the end of 1801 has been mode from these small 
ores, treated in furunces similar, with slight modifications, to the first oue I erected. I have now 
(1801) eight calcining furnaces at work, and am using from 125 to 180 tons of ore a week ; and, in 
fact, am doing exactly what Dr. Percy stated he knew no method in operation that was capable 
of doing — for all the ores used are precisely the same ores as those used by the copper-smelters. I 
buy them in Cornwall, at the same market as the oopper-suielter— paying only for the copper, the 
sulphur not Wing of nny value to the smelter, who would rather have his ores nearly without it, if 
he could so get them. 

44 The amount of sulphur wasted in copper-smelting, and which could be economized by the use 
of calcining furnaces similar to those used by myself, is something enormous. Le I’lay, who mauy 
years ago investigated the subject with great care, gave the ores then used at 4000 tons a week, 
and the sulphur in them as averaging 23 per cent. The quantity now used exceeds 5000 tons a 
week, which (by the result of many analyses made in my own laboratory) contain on an average 
28 per cent, of sulphur. This gives 70.000 Urns of sulphur per annum, which at the present price 
of brimstone (8/. 10.t. a ton) gives a money value of 455,000/. This, however, is hardly a fair way 
of putting it, as sulphuric acid is more cheaply mado from pyrites timu from brimstone. But from 
the 250,000 tons of copper ore now used annually by the smelters. 2<K),000 tonB of brown sulphuric 
acid (of specific gravity 1 '75) could be produced— for 1 am actually makiug acid at that rate from 
these ores. This acid sells at from 3/. 10s. to 4/. a ton ; but at the very low estimate of 2/. a ton, 
its cost price to the maker, the smelters are actually throwing away 400,000/. a year. Now, what- 
ever may have been the jxisition of the copper-smelter a few years ago, he is at the present time 
wasting all this sulphur when there is not the slightest difficulty in economizing nearly the whole 
of it as sulphuric acid, without at all interfering with the smelting processes.” 



In Spence’s first arrangement, file caleiner, Figs. 2119, 2120, had a fiat bed for tho ore 40 ft. 
long by from 6 ft. to 9 ft. in breadth. Under this bed the iirc-lluts traverse nearly the whole 
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length of the furnace, to which furnace, however, the fire itself has no a cress. The ore is charged 
on to one end «»f thin furnace-hod every two hours, in charges of from 5 cwt. to 8 cwt. ; arid, after 
two hours, is transferred, by iron paddles or slices, to some distance from the point where it was 
first charged ; being replaced by another charge. This transference goes on every two hours, until 
the ore reaches the other end of the furnace, where, being fully calcined, it is dropped into an iron 
truck and removed. This charging and transference goes on periodically, air being continuously 
drawn in at the part of the furnace where the burnt ore falls out ; which air, traversing the whole 
surface of the ore on the bod and effecting combustion, ultimately arrives at the other end highly 
charged with sulphurous acid gas, and passes up a special fine or chimney into the vitriol chambers. 
Nitrous gas is, as usual, found mixed with it as it enter* the chamber. This process goes on day 
and night; ami the furnaces are so regularly kept at the same temperature that their wear is ex- 
ceedingly small— one having been at work upwards of two years, with only three days’ stoppage for 
repairs. 

Fig. 2121 represents a modification of the furnace. 

Fig. 2119. Both of these arrangements were found to 
work well. The one shown in Fig. 2121 consists in com- 
bining the calcining furnace with the smelting furnace, 
bo that the ore falls out of the calciuer into the smelter 
at a red heat — thus saving the labour and nuisance of 
removal, and the cost of reheating it when put cold 
into the smelter. In addition to this, the waste heat 



from the smelter, instead of passing direct to the stack, is made to pass under the bed of the 
calcining furnace, thus saving all the fuel now used in calcining. 

Fig. 2122 represents a longitudinal section, and Fig. 2123 a croBa-scction, of Spence's final 
arrangement, now (1870) in active operation. 


tin. 




The bed of the furnace is at o, in which are mounted two rails 6 ; upon these rails are wheels c 
mounted loosely upon axles which are attached to a frame </ ; to this frame is bolted a bar e carrying 
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on its under-side ft rack / and mating upon rollers, one of which is shown at g ; bnt there ftre 
Beveral placed nt intervals, carried by any suitable hearings, the length of the bar e being such as 
not to pass off the innermost of the said rollers when the frame d ia at the l>ack end of the furnace. 
The framo d carries two rows of instruments A A 1 , which project downward nearly to the bed of the 
furnace, and the two rows are so placed that ftn instrument in one row ia opposite to a space in 
another; at Figs. *2124, 212,% they aro shown detached, the latter showing their horizontal section, 
and it will be seen that on one side they aro a i 24 . 2125 . 

pointed and on the other Hat. At »' ia the fire- ^ ^ xl il 

place, and at A the chamber, through which y ^ 

the products of combustion pass, and by means | — I F“ f 1 ]~ 1 J 

of which the furnace becomes heated. At / is I I \ I 1 I I I 

one of a series of doors extending at intervals \fij \ I II ' Til j 

along each aide of the furnace. At the front \ I \ I \ I \ I h ■ \ 

of the furnace is an inclined shuto n, through J l j l | l II /£s * 

which the material passes when calcined. 1 x 1 ^ 

The ore having been first ground, or otherwise brought into a state of fine division, ia fed across 
the furnace through one of the doors at the back thereof, and motion ia communicated by means 
of the shaft and pinion m to the rack /, whereby the frame d will be caused to advance towards 
tho hack of the furnace; the instruments A moving in the direction of the arrow. Fig. 212,% 
the pointed parts will therefore advance through the material, and their curved bottoms, seen in 
Fig. 2124, acting as ploughshares will stir and turn tho material over. When the frame has reached 
the bock of the furnace tho motion of the shaft m is reversed, and the frame d with its instruments 
travels towards the front of the furnace, and the fiat parts of the said instruments will now therefore 


net against the material, a portion of which will be carried forward. The framo d and its stirrers 
is now in a highly-heated state ; and in order to allow it to cool, the motion of the Bhaft m is arrested, 
bo that the apjMiratus may remain stationary for a period, and as it is now over tho shuto n it re- 
ceives the current of air passing through the same. When the desired cooling has been effected, 
say in four or five minutes, the sliaft m is again put in motion and tho operations abovo described 
are repented. The charge is repeated at the back end of the furnace about every hour, and it has 
been found that a charge may l>e about 1} cwt. for a furnace 32 ft. long and C ft. wide, the s|>ccd 
of tho rakes being about two minutes from the front of the furnace to the back and back again ; and 


as the charging continually goes on for each hour, a portion of tho material is carried fbrward each 
time by the flat part of the rakes, and is ultimately delivered through the shute « ; but ns such 
portions arc continually falling off the rakes they are only carried forward through short spaces at 
each raking, and they therefore only gradually make their way to the delivery end. 

The mechanical means of causing the forward and backward motion of the rakes may be varied 
to a eonsidemble extent. The means employed will be readily understood by referring to Figs. 
2126, 2127, the former being a side view, and the latter a plan of a pair of engines and other ports 



which may be used separately for each furnace, or for two or more. At 1, 2, are two steam-cylin- 
ders communicating motion by thoir piston-rods to the crank-shaft 3, upon winch there is a pinion 
4 taking into a wheel 4* which is on the shaft m , the same as that denoted by the same letter of 
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reference in Fig. 2122. Upon the crank-shaft 3 is a herd 5 taking into another 6 upon n shaft 
mounted in a bearing 7, ami this abaft is provided with a worm 8 in gear with u worm-wheel 9 



mounted on a shaft 10 ; on this shaft in a tappet 1 1, which at intervals, as will be described, arrives 
in contact with a pin 12 projecting from a lever 13 turning loosely upon the shaft 10, and the said 
lever 13 also carries another projecting pin 14, situate beneath the ordinary eccentric rod 15, which 
at its eud is connected to the valve-rod by the usual gab-motion 16. The steam-pipe for the cylin- 
ders is at 17, provided with a stop-tap 18, upon which is mounted a lever 10, 10*, the end 10* 
thereof being pressed in the direction of the arrow by a spring 20, and the said end 10* is jointed 
so as to be capable of turning against the force of the said spring in one direction. Adjoining the 
steam-cylinders 1, 2, is n supplementary small steam-cylinder 21, the piston of which is constantly 
going and comm uni cates motion to a crank 22, on the; shaft of which is a worm 23 taking into a 
wheel 24, which then drives the train of clockwork 25, 26, 27, 28, on the last of which there is n 
projecting pin 29 arriving at certain times in contact with the lever 19. According to the iswitions 
of the parts shown, the rakes are proceeding from the front to the back of the furnace, and havo 
nearly reached that position, they having been driven forward by the wheel on the slmft m. The 
tappet 11 will therefore soon arrive in contact with the projecting pin 12, and when that takes 
place the said lever will he turned over until the weight thereon has passed the vertical line, after 
which it will fall over and bring the pin 14 to l»ear against the eccentric rod 15, which, by turning 
upon the rocking-lever 30, will shift the position of the gab-motion 16, and thus reverse the 
engines, there being a lever 13, and pins 12, 14, for each of the two driving steam-cylinders; the 
driving-wheels will now revolve in the contrary direction, and the rakes will travel bock towards 
the front of the furnace, earn ing with them, as before described, a portion of the material. When 
this hns been effected, the lever 31 on the shaft 10 (and which is now moving in a direction con- 
trary to the arrow) will arrive in contact with the lever 19*, thereby causing the stop-tap 18 to be 
turned and the steam to he shut off; the motive power being thus arrested, the rakes will remain 
at the front and colder etui of the furnace a sufficient time to cool, and that period is determined in 
the following manner;— It lias been stated that the small cylinder 21 is constantly supplied with 
steam, and the train of gearing 23 to 28 is therefore constantly revolving, and the numbers of teeth 
are so arranged that when the rakes have been allowed to remain stationary a certain time, a pin 
29 upon the wheel 28 arrives in contact with the lever 19, thereby turning the stop-tap so os to 
open it and admit steam to the cylinders 1, 2; when this is done, the tapjK t 11 will at the same 
tune again arrive against the pins* 12, but on the side thereof opposite to that above mentioned; 
the levers 13 will therefore be turned back into the position shown, thereby removing the pins 14 
from the eccentric rods 15, and allowing them to fall, and again reverse the engine, so that tho 
rakes will now be moved to the back of the furnace, and thus the operation continues. When the 
lever 37 turns back after having shut off the steam, the spring joint of the lever 19* allows it to 
pass. 

Copper and Copper Ores ; our ascertained positive knowledge respecting . — Atomic weight = 63 ; 
probable molecular weight = 63. 

Pure copper is found in a state of nature, hut the principal ore of this metal is a double 
t sulphuret of copper and iron. This ore is subjected to tno process of roasting, which transforms 

the Bulphuret of iron into oxide of iron and sulphurous anhydrite. The oxide of iron passes off 
in the seoriro or slag in the form of fusible silicate. A repetition of the same process completes the 
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expulsion of tho iron. A third roosting gives the copper in its raw state; the snlphnret of copper 
is, indeed, transformed into sulphurous anhydrite and oxide of copper, and this latter oxide reacts 
on the sulphuret not yet deootnpooed, thus producing copper and sulphurous nnhydrite. 

Gu’fc + 20uO = 4(?u + 

Subeulphutrl of Protoxide of Copper. Sulpburoa* 

copper. copper. anhydrite. 

By roasting this raw copper in a silicioua furnace, a cortain quantity of oxide is formed by 
which the elimination of the sulphur is completed, and at the same time tho oxides of tho foreign 
metals, uniting with the silex of tho furnace and forming silicates, pass away in the scoriic. 

To free tho copper from all oxide, it 2l 2 g. 

is melted, carbon is placed on its surface, 
and the mass stirred with green wood. 

The carbonated gases evolved from the 
wood by the action of heat are sufficient 
to reduce the oxide of copper in the me- 
tallic mass. These two latter are called | 

refining processes. , f= a f 1 

Copper may bo chemically obtained I j T““ 

by retracing the oxide of this inetal with A 

hydrogen. For this purpose, pure oxide /TuTI Of 

of copper is placed in a globular chamber -3> s) A JT 

blown in the middle of a glass tulie, j || 

Fig. 2128; one end of this tube is made . | i W 

to communicate with an apparatus in — .1^ M g " 

which hydrogen is produced, through tho ^ 

medium of a desicoating tube, and the 

other end communicates freely with the \ 

atmosphere. : -qj.' i~ ^i. ii i 

When tho hydrogen has passed ' ' ^ ~ ^ 

throngh dnring a time sufficiently long to ensure the expulsion of all the air, a precaution neces- 
sary to avoid an explosion, the oxide of copper is heated oy means of a spirit-lamp ; water is thus 
formed and the copper is liberated. 

«u”© + h} = h} q + en " 

Oxide of copper. Hydrogen. Water. Copper. 

Tho process is complete when no more steam can be evolved. 

Copper is of a red colour ; it is sufficiently malleable to allow of being beaten out into trans- 
parent sheets; it is also very ductile and very tenacious. 

It may be obtained artificially crystallized in cubes, and it is under this form that it is found 
in nature. The density nf this metal is 8*85. 

Copper, on bein" rubbed, emits a disagreeable odour. It melts at al»out 778° C. It docs not 
become oxidized in ary air at an ordinary temperature ; in a high temperature it becomes oxidized 
without incandescence. When exposed to damp air, it bOPOIMi covered with a layer of hydrated 
carbonate of copper (verdigris), but this layer preserves the metal from further change. 

Azotic acid affects copper when cold, and sulphuric acid when heated. In the former cose are 
produced bioxide of azote and axotate of copper; in the latter case, sulphate of copper and sul- 
phurous anhydrite. 

1. 8(-» + 3 Ou” = 3[ ( -rH + 4(g}«) + 2 Az O 


Axollte of copper. 


2. 2 (*£’"}©’) + Ou” = O’ + 2 (”}■©) + SO’ 

Sulphuric Copper. Sulphate of Water. Sulphurous 

add. capper. anhydrite. 

In the presence of acids, copper readily absorbs the oxygon of tho atmosphere ; it also becomes 
oxidized in the presence of ammonia, and is dissolved, producing a beautiful blue liquid. 

Copper, previously heated, burns in chlorine, producing bichloride of copper. It combines 
directly with sulphur, phosphorus, arsenic, bromine, and most of the metals. 

Copper forms two series of compounds. Being diatomic, it combines directly with two mono- 
atomic radical*, or with a diatomic radical like itself, and so becomes saturated. Thence wc have 
a aeries of compounds which have received the name of maximum. These are; — 

Bichloride of copper .. .. € u" CP Protoxide of copper .. .. €u M O 

Bibromide of copper .. .. 43u*'Br* Hydrite of copper .. .. <:u"(0II) 2 

Bifluoride of copper €u**FI* Protosulphuret of copper .. -6u"fci 

and the various oxygenated salts resulting from the substitution of radicals of acids for the hydrogen 
of the hydrite of copper. 

By reason of the aiatoniic. nature of copper, two atoms of this inetal may unite, exchangingonly 
a single atom between each other, and form the diatomic group Cu", as shown in the following 

•eu 


+ Su" = 


”} e ’ + z (h}^) + 


Sulphurous 

anhydrite. 


figure ; — ^ 


= (€■*’)"• 
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The group Gu* being diatomic, may combine quite as well as the atom Gn with chlorine, 
bromine, iodine, and so on ; ami as the combinations formed by it offer sufficient stability, we have 
a second aeries of compounds of copper, known by the name of minimum, and in which, instead of 
tho single atom 6u* appears the group Gu*. These are 


Pmtoehlorido €u* Cl* 

Protobromide Gu* Br 3 

Protoiodido Gu*l* 


Pmtofluoride €u a FI* 

Suhoxide 

Subsulphuret €u 3 8 


and the very unstable protosnlts resulting from the substitution of tho diatomic group Gu* for an 
even number of atoms of the hydrogen typical of the acids. 

Besides these two scries of eomjioumlH. copper forms with oxygen a hioxido €u O* 
an«l an acid the composition of which has not yet been exactly determined. . 

The dfatnmtft nature of oxygen explains how several atoms of this body can unite ^ i i iq 

with a single atom of copper: two atoms of oxygen may exchange each one atom with "**1-1 l-l^ 

the copper and one botwica each other, as we see by the aid of the diagram. 

We will consider more particularly bichloride, protosulphuret, protoxide, hydrate, 
sulphate, azotite, anti the carbonates. 

iCI 

Bichloride of Copper , G u" < ^ . — This compound is formed by the direct action of chlorine upon 
copper ; it is also produced by dissolving the protoxide of this metal in chlorhydric acid. 


Gu 


eu- + g} = €u’{g 

Copper. Chlorine. Bichloride of 
copper. 

e n .-o + 2 Q.H }e + €u .}g 

Protoxide of Chlorhydrfc Water. Bkhlorid* of 

cu|iper. add. copper. 


Bichloride of copper is soluble in water and in alcohol ; its watery solntion, concentrated when 
hot, deposits while cooling hydrated crystals, the formula of which is Gu"Cl* + 12 an. These 
crystals are in sha|>e like long needles of a greenish-blue colour. The alcoholic solution of this salt 
burns with a bright green flame. 

Protoeulph ttret of Copper, Gu" S. — This substance does not exist alone in nature; it is obtained 
by sending a current of sulphurated hydrogen through the watery solution of a salt of copper, 
bichloride, for instance ; — 

G “"{S + S } 8 = *(c.}) + € “” 8 

Bichloride of Sulphydric Chlorhydric SulpttoTrt of 

copper. add. acid. cupper. 


It is precipitated under the form of a black mass, which converts itself into sulphate when exposed 
to tlie air, by attracting the oxygen. 

c-s + *(|}) = 8 -> 

Protocnlphuret Oxygen. Sulphai/- of copier, 
of copper. maximum. 

Protnsulphurct of copper loses half of its sulphur by being heated, and is transformed into 
snbsulphurct. 

4 Gu" ft = 2Cn*« + 8 } 

ProbMulphuret Subsulpburet Sulphur, 
of copper. of cupper. 

Protoxide of Copper, Cu O. — This oxide may be obtained ; 1, by heating copper exposed to tho 
air, when a layer of oxide easily detached is formed on the surface of tho metal ; 2, by calcining 
azotite of copper ; 3, by heating hydrate of copper ; to dishydrate this latter substance, it is sulli- 
cicnt to boil it with water. 

Whatever process of pnqioratinn may be employed, with slight differences in the physical pro- 
perties of tho oxide, which may be moro or less compact, this compound possesses the following 
properties 

It is a black and amorphous powder, capable of supporting a very high temperature without 
being decomposed or melted. When, however, it is heated in too high a degree, the mass becomes 
a solid block, extremely hard, and, when pounded, of a yellowish colour. This oxide appears to be 
in a particular allotropie state. M. Kieben has noticed that it then jtossessea the faculty of agglo- 
merating at a lower temperature than when it has not been overheated. It loses this property when 
it has been heated several times at a temperature insufficient to cause it to agglomerate, and then 
allowed to cool. 

Protoxide of copper is a basic anhydrite. It is much used in laboratories, where it is employed 
in making organic analyses. 

Hydrate of Copper , ^ j Q s . — This hydrate is obtained by precipitating tho solution of bichlo- 
ride, sulphate, or any other maximum salt of copper by an alkaline base. The precipitate no formed 
must be well washed and dried in an ordinary temperature ; it is of a dirty blue colour. 
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If the liquid in which it ia precipitated is made to boil, it lose* water, and is so transformed 
into anhydrous oxide; a fortiori, it will be diahydrated when heated by the fire directly. 

H?"} e ’ = h}° + 

Hydrate of Water. Protoxide of 

copper. copper. 

Hydrate of copper is dissolved in ammonia, when it becomes of a beautiful bluo colour. 
Sulphate of Copper, maximum, J O’.— Id laboratories thia substance in prepared by applying 
concentrated sulphuric acid to the copper when hot. 

€n- + 2( 8 «r}e.) = ^}e. + 2(H}o) + se. 

Copper. Sulphuric Sulphate of Water. Sulphurous 

add. copper. auhjrdrite. 


The residue of the preparation of sulphurous anhydrite ia utilized for this purpose. In the 
arte, sulphurct of copper is heated while exposed to the air. This substance absorbs the oxygen 
of the air, ami is transformed into sulphate, which may be separated from tho ore that has not 
been subjected to washing and evaporation. 

The sulphate of copper of commerce nearly always contains sulphate or iron ; tho surest means 
of obtaining this salt free from iron is to dissolve it in water, ami to precipitate by sulphurated 
hydrogen its solution previously acidulated. Tho copper is precipitated alone; the precipitate—- 
well washed and exposed to t)ic simultaneous contact of air and water*— is transformed into sul- 
phate, which is crystallized after having filtered the solution. Sulphate of copper is known in 
c omm erce under the name of blue vitriol. It is insoluble in alcohol, and soluble in water; it 
crystullizes in this latter liquid in blue oblique parallelopipods. These crystals are hydratcsl, and 

are represented by the formula 1 0* + 5 aq. 

When hydrated sulphate of copper is heated to 110° C., it loses 4nq; at 248? C. it loses the 
water it contains, and becomes anhydrous. It is then a white powder like flour. As the smallest 
quantity of water gives it its blue tint, this substance furnishes a test of the presence of water. 

The crystals of sulphate of copjier are isomorphous with those of sulphate of magnesium, zinc, 
or cadmium, when these latter contain, ns it docs, five nioleculro of water. This salt forma double 
sulphates with alkaline sulphates. It combines with the sulphates of magnesium, zinc, iron at a 
minimum, Ac., producing crystals which contain five mol ecu las of water, when the copper is pre- 
dominant, and seven when the other metal predominates. These crystals are always isomorphous 
with each other when they contain the same quantity of water. 

When heated to a high degree, sulphate of copper decomposes itself into oxygen, sulphurous 
anhydrite, and protoxide of oopper. 

If the solution of this salt is precipitated by a quantity of an insufficient base, an inaolublo 
basic sulphate is produced of a green colour. 

When sufficient ammonia is added to a solution of sulphate of copper to dissolve the precipitate 
which ia first formed, and alcohol is poured into the blue liquid bo produced, a precipitate of a 
beautiful blue colour is obtained, known as ammoniacal sulphate of copper, the composition of which 

is J 6*, 6 Az H s + H s O. 

AvAiU of Copj>cr, {o Az O* Azotitc of "W** “ prepared by dissolving the metal in 
azotic acid, evaporating the liquid, and leaving to cool. The salt is deposited while oooling in 
large bine hydrated crystals; these crystals, when heated, first molt in their crystallized water, 
then this water is evaporated, aud the auhydrous azotite is decomposed ; at first there is fomed a 
green basic azotite, afterwards the decomposition becomes more aud more complete, and finally 
there remains a residue of oxide of copper. 

Carbonates of Copper . — The carbonate obtained by pouring carbonate of sodium into a solution 
of sulnhnte of copper is a carbonate of copper containing two parte of this metal, and bibasic. Its 
formula is 


eu"{ 

€«-{ 


© II 

g}eo- 

OH 


(€u' r )« 

€ 0 " 

H* 



This substance has the same composition as the natural carbonate known by the name of malachite. 
Malachite is of a beautiful green colour ; in places whero it abounds, it is used ns copper ore, and, 
indeed, it is an excellent ore. . . 

There is also found in a natural state a hydrated carbonate of copper containing three |<arta of 
this metal; it is of a beautiful bluo colour, and is known under the name of mountain blue, or 
azuritc. 

The verdigris which is formed upon the surface of copper is a hydrated carl>onate of copper; 
thia verdigris must not he confounded with the verdigris of commerce, which ia a subacetate of 
copper. 

Protochloride of Copper , €u* Cl*.— The most Bitnple means of preparing this substance is to dis- 
solve metallic copper in aqua regalia containing very little azotic acid, and to add some water to 
the solution; the protochloride of copper is precipitated under the form of a white crystalline 
powder. 
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Another way of preparing this compound is to dissolve suboxide of copper in boiling hydro- 
chloric ncid, and then to allow the liquid to cool, in the midst of which will be dejxwited the little 
colourless tetrahedrons of protochloride of copper. 

It may also be obtained by heating pcrchloride of copjter, which thus loses half its chlorine. 

2€uCl J = c!} + Co ’ CP 

Clilorkk* of copper Chlorine. Chloride of copper 
maximum. mini mum 

Chloride of copper minimum is a white substance hardly soluble in water, but soluble in hydro- 
chloric ncid and ammonia; it turns green when exposed to the air by alutorbing oxygen ami 
transforming itself Into oxychloride, €>u*Cl*. It also absorbs oxide of carbon, but it gives up this 
gas when its solution is made to boil. In an ammoniacnl solution it gives, with the gaseous carburets 
of hydrogen of the series OH*""*, explosible precipitates which, heated with hydrochloric ncid, 
give out the hydrncarburct the elements of which it contains. This property has been utilizer! in 
organic chemistry. 

Submlphuret of Copjter, Cu’ft — Rubsulphurct of copper is found in a natural Btate under the 
form of beautiful crystals, belonging to the cubic system. They are of a black colour and sufll- 
ciently soft to be cut with a knife, and they melt in the tlame of a candle. Their density is 5*0. 

This substance is prepared artificially by calcining copper with an excess of sulphur; the excess 
of sulphur is evaporated during the process of calcination. To ensure the whole of the copper being 
noted upon, the product of this first operation is crushed and calcined a second time with sulphur. 

When heated in the air, it gives a sulphate of copper, if the temperature is not too high ; if not, 
it is transformed into oxide of copper and sulphurous anhydrite, by absorbing oxygen. Heated 
with oxido of copper, this sulphurot gives out sulphurous anhydrite, leaving a residue of metallic 


copper. 

€u* + 

2€u e 

= 4 €u 

+ so* 


Suheulphuret 

Protoxide 

Copper. 

Salphurotu 


of copper. 

of cupper. 


anhydrite. 


8ttboxide of Copper, €u*6. — This substance is found in a natural state. It is sometimes found 
in comport masses, and sometimes in octahedric crystals of a red colour; it may bo obtained arti- 
ficially in the form of a red powder, and in various ways. 

If acetate of copper bo boiled with glucine, a red crystalline powder is precipitated, which is 
suboxidc of copper. 

in the arts, this substance is commonly prepared by calcining a mixture of ; — 

ParU. 


Sulphate of copper 100 

Dry carbonate of sodium 28 

Copper filings 25 


The produce of this operation must be well washed. 

Suboxide of copper melts without undergoing change when heated unexposed to the air; when 
heated in the air it is transformed into protoxide. 

Hydrochloric acid converts it into protochloride ; this oxide is, therefore, a laiaic anhydrite. 

Azotic acid gives up its oxygen to it, and causes it to pass into the state of n maximum azotate ; 
strong acids decompose it into metallic copper and bioxiue of copper, which, w hen in contact with 
these acids, gives a salt of copper 

Gu’O + »%"} O' = Gu" + S € ®r}-»» + h}o 

Oxide of Sulphuric Copjwr. Sulphate of Water. 

copper. acid. copper. 

Ammonia dissolves this oxide without being discoloured; but the solution becomes blue by 
absorbing oxygen when exposed to the air. 

DMinctite Properties of Salts of Copper . — Salts of copper are recognized in analyses by the fol- 
lowing properties ; — 

1. A sheet of iron becomes covered with a perfectly-adhering layer of copper, when dipped into 
the saline solutions of this metal. 

2. Hydroanlphuric acid causes in these solutions a precipitate insoluble in alkaline sulphurets; 
this precipitate is not produced in the presence of cyanide of potssrinm 

The maximum Halts may be distinguished from the minimum ; — 

1. Potassium gives with the minimum salts a yellow precipitate insoluble in an excess of 
reactive, the maximum salts are precipitated by the same reactive, a dirty blue colour, and the pre- 
cipitate becomes black on being boiled, if sufficient quantity of potassium has been added to wholly 
decompose the salt of copper. 

2. Ammonia produces in the maximum and the minimum salts a precipitate soluble in an excess 
of reactive; but with the mnximum salts the ammoniacal solution is of a beautiful blue colour, 
whilst with tho minimum salts this solution is colourless and ltccomcs blue only on contact with 
the air. 

All the salts of copper are poisonous. The best means of counteracting this poison if acci- 
dentally swallowed is to take some white of egg, while waiting for an emetic. The albumine of 
the egg forms with the copper a compound almost insoluble, and by this means the absorption of the 
metal is prevented. 

It has been proposed to substitute iron dust for albumine, which dust precipitates the copper iu 
a metallic state, or sulphuret of iron, which will produce sulphurot of cop|ier. 

3x2 
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Figs. 2129 to 2131 aro of the furnace, invented by Alfred Jenkin, of Zell, for the reduction and 
calcination of copper and lead urea. 




*1 SI.? 


This invention relates to a peculiar construction and arrangement of a double reverbe.ratory 
furnace, to be employed in the reduction and calcination of copper and lead ores, whereby a groat 
economy of fuel is effected. The principal feature in this improved furnace is, that ono ordinary 
fire answers the double purpose of mincing and calcining the ore. The fire is contained in an ordi- 
nary fire-place, situated at one end of the double furnace. 

The heat and flame from this fire pass through n lateral opening or flue into the reducing or 
flowing furnace, and after paasing over the surface of tho ore contained therein, it enters by another 
opening or openings iuto the calcining furnace, which is placed on the samo level, or nearly so, 
with the flowing furnace. From tho calcining furnace tho heat passes off by a suitable flue or flues 
to the chimney. In the passage or passages which conduct from the flowing furnaco to the cal- 
cining furnace then* are placed suitable d«K>rs or dampers, which are so arranged that, bv opeuing 
or closing certain of these doors or dampers, the heat and flame may either bo directed into tho 
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calcining furnace, or bo entirely shut off from such furnace an<l bo directed into a waste flue, which 
posses downwards to an underground flue communicating with the chimney. An air or a venti- 
lating spoco is left between the calcining and flowing furnaces, for the purpose of preventing the 
bed of the latter furnace from becoming overheated, when the flame and heat arc diverted down the 


waste or escape flue or flues, which flue or flues are formed in that side of the ventilating air-spoco 
farthest from the flowing furnace ; so that, whether the calcining furnace be in operation or not, 
tho bed of the flowing fumaoe will always remain at about the same temperature. 

Fig. 2129 represents an exterior elevation of Jcnkiu’s improved arrangement of a reducing and 
calcining furnace; Fig. 2130 is a longitudinal transverse section ; and Fig. 2131 an horizontal sec- 


tion . A is the ordinary fire-place, the heat and flame from which pass tlinmgh the lateral opening 
or flue B into the flowing furnace C, and after traversing over the surface of the ore contained 
therein enter by the passages D into the calcining furnace E, which is upon the same level with tho 


floor of the flowing furnace. F are passages leading off to the main draught flue or chimney. When 
it is required to shut off the heat and flame from the calcining furnace, the two dampers G are 
closed, and the pair of dampers H arc elevated, thereby shutting off the flow from the passages I), 


and diverting it into the descending or waste flue I, which conducts it underground to tho main 
flue. An air or a ventilating 8}>acc J is left between the flowing and calcining furnace, in order to 
prevent the latter from becoming overheated. The ore to be calcined is fdl into the calcining fur- 


nace by tho hopper K, and is removed when calcined through the aperture L in the bottom of the 
furnace. The flowing or reducing furnace is also provided with a similar hopper M, to supply tho 
calcined ore to the flowing or reducing furnace. The small chimney N serves to carry off any dust 
or ashes arising from the fire when fresh fuel is supplied, or when the fire is otherwise agitated. 

William Longmaid in 1842 projmsed a method of treating ores. This method related to tho 
treating of such descriptions of ores and minerals as contain sulphur; and had for its object tho 
removal of the sulphur from such ores and minerals, in order to render the suboequeut operations 
to which such ores are subjected more advantageous in obtaining products therefrom. Writing iu 
1842, Longmaid observes, — “I have discovered, after much experiment, that tho use of common 


salt can only be generally and practically useful as a manufacture when the quantity of salt 
applied in respect to the ore or mineral treated considerably exceeds the quantity of sulphur 
contained in the ore or mineral. And I have found that when treating ores according to my plan 
with common salt, I obtain metallic oxides in a condition fit for metallurgical purposes; ana by 
such means 1 am enabled more advantageously to obtain the metallic products of the ores treated 
than when operating on similar ores according to the means now practised, and with one great 
advantage, that in so treating ores and minerals containing sulphnr, I take up tho larger portion 
of the sulphur so contained in the ores or minerals, and convert common salt into sulphate of sotla. 
Hence it will be understood that my invention consists of treating ores and minerals containing 
sulphur with such proportions of common salt that the ores are deprived of their sulphur, or nearly 
so ; and the metallic products resulting from such process arc rendered more suitable for subsequent 
processes for obtainiug tho metals therefrom, and at the same time the act of so treating the ores 
and the minerals will produce much larger quantities of sulphate of soda than has heretofore been 
obtained. 


“1 have found that any ore containing 15 to 20 per cent, of sulphur, and in some coses even 
leas, may be usefully operated on according to my invention; and the treatment according to my 
invention may be usefully applied either before or after the ores have undergone any process of 
heat, provided a quautity of sulphnr remains oqnal to the percentage above mentioned. The orea 
and minerals to be treated according to my invention are those containing sulphur, particularly 
mundics, or iron pyrites, copper ores, lead ores, tin ores, zinc ores; mundics, or iron pyrites, con- 
taining sulphur combined with copper or tin, or with both ; copper ores, containing sulphur 
combined with iron or tin, or with both ; lead ores, containing sulphur combined with copper ; and 
tin ores containing sulphur combined with copper or iron, or with both. The process of treatment, 
according to my invention, is to be carried on in suitable furnaces. The one which I prefer is a 
reverberatory furnace, having four beds, each succeeding bed being on a somewhat higher level iu 
proceeding from tho fire towards the end of the furuace. At the same time I do not confine myself 
thereto, as the furnace employed may bo varied without departing from my invention ; and the ore 
or mineral, with salt, arc to be introduced on the bed of the furnace most distant from the fire, in 
order that the sulphur given off at comparatively low temperature may be taken up by the salt ; 
and as the ores operated on progressively require more neat to separate the sulphur, they will 
progressively be brought on to a hotter bed of the furnace, 

44 Figs. 2132,2133, show a longitudinal section and plan of a furnace such as I prefer to use iu 
carrying out my invention, and which I prefer to make about GO ft. long, and 10 ft. from bock to 
front in the clear, having several opeuings to allow of the matters under process being turned or 
stirred from time to time ; and 1 find that the occasional admission of steam to the charge nearest 


the fire is attended with beneficial effects, promoting the oxidation of the minerals and the evolu- 
tion of the muriatic acid, but this addition is not absolutely necessary.” 

Description of the Process . — It is better that the ores should bo crushod so as to pass through a 
sieve of four ot more holes to the inch, though this is not always necessary. The salt should be dried 
previous to mixing with the mundics or other sulphur ores, by placing over a flue, so as to obtain 
the benefit of the otherwise waste heat. The object of this drying is to prevent its caking iu the 
furnace. The quantity of sulphur contained in tho ore having been ascertained by the analysis of 
a carefully-prepared sample, a given quantity of salt, say 1 ton, having been weighed out, a quantity 
of ore containing sulphur required for the conversion of the salt into salt cake should be added and 
intimately mixed. The quantity of sulphur required to convert a ton of salt into salt cake is, by 
calculation, about 5 cwt. 1 qr. 11 lbs. ; but as all the sulphur cannot bo takeu by the salt, it is 
proper to have the sulphur in excess above that quantity. And although a beneficial working may 
be obtained by employing a much less quantity of salt in respect of tho sulphur contained, yet 
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Longmanl found that in all oases the common salt should considerably exceed tho known weight 
of sulphur contained in the ore or mineral under process. The mixture of about $ of the ore required 
for tho salt used should be put ujwn the upper bed of the furnace, that is, the bed farthest removed 

2132. 



2133. 



from tho fire, and left until heated throughout. It should then bo turned over from time to time, 
ao as to allow of the successive contact of the mixture with the atmospheric air passing through tho 
furnace. At ultfmt equal intervals and at several times during the time the mixture remains on 
the upper bed, the remaining quantity of ore should be add* si. By these means the rapidity and 
effectiveness of tho operation is promoted, and some saving of fuel is produced. It is impossible 
to tlx the exact quantity of ore required, as it must vary according to the quantity of sulphur con- 
tained in the ore employed, and depending, in some degree, on the nature of the substances associated 
with it. The less arsenic contained in tho ore tho better, although its presence is not an insur- 
mountable objection, especially if associated with a small percentage of copper. A charge being 
drawn about every twenty-four hours from the front bed, each one of the three remaining cliargcs 
w ill then be moved forward to the next lower bed, and a fresh charge put into the upper bed, each 
one of the charges being kept regularly raked in its turn. A brisk fire is to lie kept up in tho 
furnace during the whole time, and a damper is applied to the chimney to obtain regulation. As 
the decomposition of the salt and ore proceeds, the mixture is gradually fitted to bear the increase 
of toinjxmturo obtain'd by removal from the upper to the next lower lied, and so on, approaching 
the fire. The operation appears to proceed best when on the lied nearest the fire it has been 
brought to a semi-pasty condition, or when the mass has a tendency to agglomerate, and seems to 
lie moist on the surface. By tho increase of temperature to which it is here exposed, the chargo 
soon begins to dry up, so that it is eventually drawn in a granular condition. The sulphate ash 
obtained contains sulphate of soda or salt rake, tho chloride of sodium, oxides of iron, a soluble 
suit of copper, and oxide of tin, if auy tin was present in the ore employed, provided the ores bo 
mundie ; and, if other ores are used, other products will be obtained. Tho ash being lixiviated 
with water, affords a solution containing the sulphate of soda, chloride of sodium, and salt of 
copper, the insoluble residue containing the oxides of iron ami tin. If oxide of tin be contained 
in two ore employed, it may lx* separated from the residual matters by washing, the greater s]>ecifio 
gravity of the oxide of tin rendering the separation comparatively easy. The copper may bo 
separated from the solution, either with imn, as is well understood, or, as Longmaid prefers, by tho 
addition of lime slacked in water, forming a milk of lime. Iron precipitates tho copper iu a metallic 
form : but the lime precipitates it as an oxide, associated with the slight excess of limo necessarily 
employed, ami some small portion of sulphate of lime. This precipitate, by filtration, having been 
sojiamted from the refund liquor, should be well WAshcd, in order to the complete separation of 
sulphate of soda and chloride of sodium, the liquors obtaiued being employed in the lixiviatkm 
of fresh sulphate nsh. This precipitate is bulky ; but, by filtration and drying, its volume is very 
much diminished, and it is then obtained in a condition tit for reduction to the metallic state by 
the usual metallurgical process. The solution from which the copper lias been separated may, if 
required, be concentrated by boiling, ami set aside to crystallize in suitable vessels, very fine 
crystals of the sulphate of soda being obtainable. The mother liquor may be again concentrated 
and set aside to crystallize, or, if required, be employed for the manufacture of alkali by mixture 
with fresh lime in quantities bearing the proper proportions observed in the manufacture of black 
ash. If the salt cake Is? required only for the manufacture of alkali, the solutions obtained by 
lixiviation should lie run off into a large tank, from which tho quantity of liquor containing the 
desired quantity oPsolt cake may lie run on its equivalent of newly-burnt lime, previously weighed 
out, by which means tin* water of solution is either solidified or expelled by tho heat evolved in 
the course of the slacking. But should the solution be so weak that the heat evolved from tho 
requisite quantity of lime would not lie sufficient to expel the whole of the water, the lime, after 
being treated with sufficient of the liquor for slacking and converting into a very thick pasty 
condition, resembling a tough mortar, might lie thrown either upon a flue at the end of a black ash 
furnace, by means of which tho benefit of spare heat may bo obtained, or upon the third bed of a 
black ash furnace, where, as evaporation proceeds, the remainder of the liquor required may be 
gradually added. By these means a more perfect mixture of the salt cake, with its equivalent of 
lime, is obtained than is the case by the usual process of mixing only the slacked lime and the dry 
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sulphate of soda or salt cako in powder. Tho mixture of sulphate of soda and lime treated with 
its requirements of carbonaceous matter previous to turning down to tho lower bed of the black ash 
furnace is in the usual condition in which it is employed. 

Longmaid. in 1844, states! that the great object of his method of 1842 was to obtain sulphate of 
soda, the metals obtained being considered a beneficial addition resulting from the process. Hut 
he afterwards observed that there were circumstances under which, and situations where, ores con- 
taining copper, tin, and zinc, with sulphur, may with advantage be treated with common salt for 
obtaining the metallic parts, without depending mainly on the profits derivable from the sulphate 
of soda. Longmaid's process of 1844 consists of an improvement in the manufacture of copper, tin, 
and zinc, by causing ores containing those metals to do treated with common salt below the rela- 
tive quantities which ho specified in 1842. In 1844 Longmaid stated that the more nearly the 
quantity of salt approaches sixty by weight to every forty by weight of the sulphur ascertained to 
be contained in the ores to be treated containing copper, tin, and zinc, the more effectually will the 
metallic portions of the copper and zinc become soluble in water; though the quantity of common 
salt may be reduced very considerably below sixty to forty of sulphur, and yet obtain very bene- 
ficial e fleets, particularly where the cost of common salt is comparatively great, and there is no ready 
sale for sulphate of soda at a price that will repay the manufacturer for using a larger proportion 
of common halt. 

Tho salt to be used should lx* well dried, and the ores containing copper, tin, or zinc, with sulphur, 
to be broken to powder; and having ascertained the quantity of sulphur contained in any quantity 
of oro about to Is* treated, mix therewith a quantity of salt suitable for obtaining the metallic parts 
of the copper and zinc in such a state ns to become rea/lily soluble in water, using more salt when 
tho cost thereof, coupled with the selling price and demand for gulplmtc of soda, do not restrict; 
but below the rate of sixty by weight of common salt to forty by weight of the ascertain^ quantity 
of sulphur, the object of this process being to obtain the metallic parts of tho ore separate, without 
materially, and in some coses not at all, depending on the value of the sulphate of *nda resulting 
from the process, this invention being useful only in those oases where the manufacturer, from local 
or other causes, does not desire to produce a quantity of sulphate of soda so large as would result 
from the sulphur contained in an ore if common salt were used in tho manner described by Longmaid 
in 1842. Tne oro containing copper, tin, or zinc, mixed with the salt, is to be placed into a sui table 
furnace, similar to that to which Figs. 2132, 2133, appertain. The ore and salt mixed together aro to 
be treated in the same manner as that described by Longmaid in 1842, except that, there being a 
reduced quantity of salt employed, the whole may be at once mixed before lx*ing introduced into tho 
furnace. Each charge of ore and salt is to rcmHiu from twenty to twenty-four hours on each bed of 
the furnace, and to be drawn in about eighty to ninety-six hours, which the workman will judge of 
by the muriatic arid being driven off. And It should 1st stated tliat Longmaid found that some ores, 
when so treated with salt, arc liable to flux. In such cases he applied about 1 cwt. of small anthracite 
coal or other carbon mixed with a charge of a ton of mixed ore and salt, either when the same indi- 
cates fluxing in tho furnace, or with all future charges of the same ore. The charge being drawn from 
the furnace, is then to be lixiviated* with water in suitable vessels. Tho liquor obtained will contain 
metallic matters in solution, according to the nature of the ores operated on, together with suipliato 
of soda, muriate of soda, or chloride of sodium. The copper contained in any liquor obtained ss 
above explained may be precipitated, as is well understood, by means of iron ; and the milk of lime 
may be subsequently employe! for separating the zinc, associated with an excess of lime and with 
some oxide of iron. Longmaid, in 1844, stated that the oxide of tin separates from tho liquor by 
gravity, with residuary matters ; and if they be not broken fine enough for the washing process to 
separate the oxide of tin, they are to bo broken before washing to separate the tin in the ordinary 
manner (?). If the whole of tile copper and zinc lx? not converted into tho soluble form by the first 
operation, the insoluble residue may be treated with weak muriatic acid obtained by condensing (?) 
that product as it is evolved from the furnace where the ores are being treated with common salt, 
or weak muriatic acid otherwise obtained may be employed to dissolve tho copper and zinc not 
before rendered soluble in water; and those metals may be separated from tho solutions thus 
obtained, as above explained. 

Longmaid, in 1851, Mays; — w In my proceases, of 1842 and 1844, for treating ores and minerals, I 
have found considerable difficulty in condensing the gas and vapours arising therefrom, in conse- 
quence of the volatile carbonaceous mntters contained in bituminons coal, which, when volatilized 
together with free carbon, have a tendency to choke the condenser, and tlma retard the operations 
in tho furnace, as well as hinder the condensation of the other volatile products of tho process of 
calcination. 

“ In using coke in the decomposition of common salt and ores and minerals containing sulphur, 
I prefer having the fire-place of the furnace closed with a door, and the ash-pit supplied with 
water, which, lx*ing gradually converted into vapour, ascends through the fire, and promotes the 
combustion of the fuel. 

“ In using Anthracite cool in the decomposition of ores and minerals and snlt, I mix a small 
portion of (cokiug) bituminous coal, about J part by weight of the anthracite cool, which has the 
effect of causing the nmas to cohere on the application of heat. The opening to tho fire-place I 
fit with an iron plate, about 2 ft. by 18 in., over which I turn an arch 15 in. high— that is, leaving 
the opening for charging the furnace with fuel 18 in. wide by 15 in. high in the clear. When the 
fire is well raised, 1 fill tho opening with the mixed coal, and whilst in this position it becomes 
partially coked ; when it is necessary to replenish the tiro with more fuel, 1 move the partially 
coked cool ou to tho burning mass in the fire-place, and place a further quantity of coal on the 
plate, as before ; I also apply water to the ash-pit, in a similar manner to that described when coke 
is the fuel used. 

“ The volatile products of tho snlphating process possess great affinity for water, and their 
condensation is facilitated by the introduction of steam into tho flue leading from the sulphating 
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furnace to the condenser at a convenient distance from the furnace ; the objoct of the application of 
steam is, to obtain an intimate mixture of aqueous vapour with the volatilized matters, and thereby 
to promote their more perfect condensation. 

“I have described processes for treating orea and minerals, and the manufacture of alkali, 
copper, and other products, by mixing such ores and minerals with common salt, and subjecting 
the mixture to heat in a furnace. In carrying those processes into practical operation, when treat- 
ing ores and minerals containing silver and copper, these metals have been converted into a 
condition soluble in a solution of alkaline and metallic salts, being the product of some of these 
processes, and I have hitlicrto precipitated them by means of metallic irou, and then proceeded to 
oxidize the copper of such precipitate, and dissolve the oxide of copper so obtained with sulphuric 
acid, producing sulphate of copper in tho well-knowu manner ; the residual product, containing tho 
silver, lias hitherto been separated by the ordinary process of smelting silvery lead ores. 

M I will now describe my improved processes for treating ores and minerals containing silver and 
copper, and the manner in which the same are performed. I treat ores and minerals containing 
sulphur in the manner described by me in 1842. 1 grind the ore and minerals containing sulphur, 
and mix with common salt, and calcine the mixed material, and obtain solutions therefrom, which 
I treat as hereinafter described ; but if the minerals contain a considerable quantity of arsenic, 
antimony, or zinc, or any of them, I prefer to calcine such miucml, in order to drive off some or 
all of these volatile metals; 1 then mix the calcined material with ore or mineral rich in sulphur, 
so as to make the average quality about twenty to thirty of sulphur — that is, when one of my 
princi|iol objects is to obtain sulphate of soda. 

44 If the ores or minerals be rich in sulphur, and I have none of tho calcined ore, I prefer to 
reduce tho percentage of sulphur by the addition of oxide of iron in a finely-divided condition ; in 
all cases the process is best conducted when the sulphur in the mixed material is about MO parts 
by weight to 100 |mrts of salt employed. 

44 If the primary object bo to scjiarate silver and copper from ores and minerals, it is sometimes 
convenient to calcine the material until the Bitlpliur is nearly driven off, and then to add common 
salt to the charge, and subject it to further calcination ; from eight to twelve hours will geuerally 
be found sufficient to convert the silver into the state of chloride. 

44 1 usually grind the oros aud minerals sufficiently fine to pass through a sieve of at hast six 
holes to the inch ; the richer the ores and minerals are iu silver and copper, the finer I prefer to 
grind them, in onler to ensure tho whole or nearly tho whole of the silver aud cop|»er being con- 
verted into a condition soluble in the sulphate liquor. 

“I place tho calcined mass, which I call sulphate ash, in a suitable vessel or vessels, and dis- 
solve the soluble portions in water; the solution thus obtained consists of sulphate of soda, and 
soluble salts of silver and copper, and other matters; this solution I call sulphate liquor; I cause 
it to fiow through a vessel or series of vessels furnished with metallic copper, the liquor coming 
into contact with the copper, the silver is precipitated, and an equivalent of the metallic copper is 
dissolved ; when the silver is precipitated, I run the liquor into another vessel or set of vessels, in 
which the copper is precipitated by iron. If, however, the liquar be so rich in these metallic salts, 
that the whole of the silver or copper is not readily precipitated, I increase the number or size of 
the vats, or repeat the operation. Having carefully examined the liquor, to ascertain that the 
precipitation of the silver and copper is complete, I run the liquor into the alkali department of 
the works, to convert the sulphate of Boda into carbonate. In order to dissolve the whole of tho 
soluble portions of the sulphate ash, I rejieat the washing until no more sulphate of soda or 
metallic salts are obtained ; I presene the weak liquor, and apply it to further portions of tho 
sulphate ash ; I convert the precipitate obtained by means of iron, above mentioned, and iu fact 
any copper containing silver into regulus, by the well-known means. I prefer to granulate tho 
regulus, in order to facilitate tho further operations whereby the copper aud silver are separated 
by common salt. 

44 In the manufacture of sulphate of copper, I find it convenient to oonvert the sulphido of 
copper into sulphate by calcining the regulus or other sulphide, being the product of my processes 
for precipitating silver and copper from thin solutions, by means of the compounds of sulphur, 
which I use for precipitating the sulphides of silver and copper, or the sulphides, carbonates, or 
oxides of these metals from their solutions at a low teuqierature with access of atmospheric air, 
and thus produce sulphate of copper and a soluble salt of silver; these I dissolve with water, 
precipitate the silver from this solution by mcaus of metallic copper, and draw off and crystallize 
the liquor containing the sulphate of copper, the silver being obtained as a residual product. If 
the sulphate of cupper be not wholly converted into sulpliate, or if it bo the mixed precipitate 
containing carbonate, or oxide, or both, I add sulphuric aeid, and thereby dissolve the copper. 

44 1 precipitate silver and copper from thin solutions by means of sulphide of calcium, such os 
alkali waste, which compound contains sulphide of calcium. I also precipitate silver and copper 
from thin solutions, by means of compounds containing alkaline and metallic sulphides and other 
alkaline salts, such os the third product (which 1 call green ash), which product contains sulphides 
of iron and sodium, carlxinate of soda, caustic soda, and other matters, or one or more of these 
alkaline compounds ; or I use solutions thereof. I also precipitate silver aud copper from thin solu- 
tions by means of black ash or crude alkali, which contains sulphides «f calcium and sodium, car- 
bonate of soda, and caustic soda, or one or more of these alkaline compounds ; or I use solutions 
thereof. When I use the earthy sulphides, or the alkali waste containing sulphide of calcium, I 
find it convenient to sift these substances through a sieve of six or more holes to the inch, in order 
to separate the coal and cinder and the larger aggregated masses of the alkaline earthy matters; 
having thus prepared a sufficient quantity, I place a layer in the Ixittomof tho precipitating vessel ; 
having previously provided means tor filtering the liquor. 1 prefer to put a layer of straw, coke broken 
into fragments, or cinders, and on this I place the precipitant, and proceed to fill tho vessel or vessels 
with the liquor containing tho metals to be precipitated. Into a vessel or series of vessels about 
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15 to 20 ft. square and about 6 ft. deep, I put a layer of alkali waste or other earthy sulphide, 
at out 18 in. ueep, through which 1 cause the liquors to permeate slowlv; the silver and copper 
during this ojieration combine with the sulphur of the sulphides and the chlorine or acid, nnd 
the oxygen in the latter case; and passing over from the metallic salts to the alkaline earthy 
matters, the metallic sulphides are precipitated, being insoluble in the sulphate liquor: or I allow 
the solution containing the metallic salts to remain in contact with the precipitant until the 
metals are precipitated. This oiierntion will usually occupy only an hour or two, but it is dcsirnhlo 
that sufficient time be allowed in order to obtain deposition of the precipitated matters ; this 
will be ascertained on examining the liquors from time to time. When the precipitation and 
deposition are complete, the liquor is to be drawn off and the residual product tluxcd to eon- 
vert the silver and copper into regulus. The black or green ash, heroin described, may be used in 
the solid form in a similar manner to that described when using alkaline earthy sulphide ; but I 
prefer to make a strong nnd hot solution, and having ascertained the quantity of silver and copper 
in the sulphate solution, I run a quantity of the sulphide solution into a vessel or set of vessels, and 
then add the sulpliate solution thereto. If the whole of the silver and Conner are not precipitated, 

I odd a further quantity of the precipitant. When the precipitate is fully suboidea, I carefully 
draw off or tilter the sulphate liquor which is to lie used in the manufacture of sulphate of soda, 
and for the purposes to which sulphate of Boda is usually applied. When the precipitate* is suffi- 
ciently accumulated, I wash and dry it, and proceed to heat the precipitate, as herein described, to 
manufacture silver and sulphate of copper, or silver and copper, as the case nmv be. 

“ From such ore* and minerals as are rich in silver, but containing little sulphur, with or without 
copper, I obtain solutions containing silver or silver ami copper, as the cast* may lie. I dilute the 
strong solutions with water; i heat the diluted solution by preference to boiling, mid the silver is 
precipitat'd in the state of the chloride, I usually tlnd this Accomplished when Twaddle’s hydrometer 
stands at 30 when applied to the diluted liquors. When the chloride of silver is fully subsided, 1 
run the liquor, if it contain copper, into another vessel or act of vessels, and precipitate the cop|ier, 
nnd I collect the chloride of Bilvcr and smelt it. 1 can treat such ores and minerals ns an* rich in 
silver, but with little sulphur, when containing copper, with common salt, nnd obtain solutions con- 
taining silver ami copper. I produce a weak or diluted solution, and thereby precipitate the silver 
in the state of chloride on the residual matters of the ores or minerals. I mix the precipitate in this 
case with lend or lead ores, and smelt in the ordinary manner of smelting silvery lead ores: but if the 
silver has been precipitated separately by dilution, it may at once be smelted and metallic silver 
obtained. The copper solution I treat by any of tho well-known methods for separating copper. 

** In treating regulus containing silver nnd copper, I mix it with 5 or 10 per cent, of common salt 
by weight of the regulus, nnd grind it so as to pass through a sieve of 10 or more holes to the inch, 
aud calcine the ground material in a furnace. As it is better to conduct this operation gradually, 
I prefer a furnace of three or more beds, each bed of about 12 ft. square, but a furnace with one or 
more beds may lie used. I place the first charge on the bed farthest from the fire, ami when it has 
remained about eight hours in the back bed I move it on to tlie next bod, and m on in rotation, 
occasionally stirring it and drawing the finished charge at the bed nearest the fire ; the calcined 
material is put into vessels. When the soluble portions are dissolved, if the calcined material doe* 
not contain alkaline and metallic salts, 1 odd strong and hot sulphate liquor, this solution having 
the property of dissolving chloride of silver ; if, however, the whole of the chloride of silver is not 
dissolved by the first operation, 1 repeat it. In treating such ores, if tho Bulphate of soda lie not 
an object of importance to the manufacturer, as will sometimes happen, I precipitate tho chloride of 
silver by means of diluting the solution with water; having obtaiued the dilute solution, I heat it 
as before mentioned ; this o|>eration of heating causes the particles of chloride of silver to aggregate, 
and facilitates its deposition. I allow the liquor to rest until the chloride of silver has subsided, 
and then draw off the clear liquor ; about forty-eight hours will generally be sufficient for its sub- 
sidence. I collect this precipitate and smelt it for silver. 

“ The ordinary regulus of the copper-smelter frequently contains a notable quantity of antimony ; 
in this case having obtained solutions as before, I proceed to precipitate the silver and antimony 
together hy the process of dilution with water ; 1 collect and smelt the precipitate with lend, or a 
compound of lead, in the well-known manner of smelting silvery lead ores, and thereby obtain the 
antimony and silver. But if the ore or mineral treated be a sulphide of copper containing silver 
mixed with any compound of iron, I mix such material with common salt, calcine anti dissolve tho 
copper with hot water, taking care that the solution be so weak as not to dissolve the chloride of 
silver, which is obtained with the oxide of iron os a residual product, which I smelt with lead or 
compound of lead, as aliove described. If the ore or mineral I treat be a mixed mineral, such as 
sulphides of silver, lead, and copper, I prooeed to mix such ore with common Balt and calcine the 
mass, and dissolve the eoiqxr with water, and I prefer the use of a solution so dilute that tho 
chlorides of silver and lean are not retained in the cold solution, but are deposited with the mass of 
the lead contained iu the ore ; the copper of the weak solution I precipitate. But if it be desired 
to produce chloride salts of had, I dilute it, and thereby precipitate the silver; I draw off the hot 
solution and allow the chloride of lead to subside on cooling, after which I precipitate the copper as 
before. If the mineral 1 treat be regulus of copper, or the sulphide precipitate herein described, a 
portion of the copper only will be rendered soluble; this portion may be precipitated, but I prefer to 
use solution of black or green ash, and smelt the precipitate separately with great care ; by this 
improvement I produce copper of a superior quality ; the portion remaining undissolved I smelt. 
It is sometimes convenient to precipitate the silver and copper by means of other compounds of 
sulphur. To produce sulphides of silver and copper in all coses, I treat Buch sulphides as before 
explained, when describing my processes for treating such sulphides. 

** Lastly, I select such product of tho calcined ores nnd minerals as consist of oxide of iron ; I 
separate tho oxide of iron from the earthy matters by washing, and mix it with sufficient carbon to 
deoxidize the oxide of iron, and a small quantity of clay to cause it to cohere ; I then mould the 
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mixture into ball*, or other convenient shape, and subject it to a smelting process in a reverberatory 
furnace ; the product is iron of fine quality. The carbon I use by preference to anthracite coal or 
charcoal, and in all rase* the clay and carbon Bhould be ns free as possible from sulphur ” 

O. 1 1 aimer, in 1856, proposed to decompose certain inetullic oxides at a high temperature in 
contact with alkaline chlorides, or other chlorides forming oxychlorides, or chlorides soluble in 
water, in avoiding the formation of free soda by the addition of a mineral acid, and lastly, separat- 
ing the metals contained in the solution, and utilizing the residues. 

For this purpose, the metallic ore is reduced to pieces ami masted, then pulverized, and again 
roasted with tho admixture of coke, coal, or charcoal reduced to minute particles. After perfect 
oxidation of these matters, Hahner proposed to introduce into the furnace, to be mixed with tho 
ore, a mixture of about two {Arts or mom of chloride of sodium (comrnou salt) or other alkaline 
chlorides, and three parts of ore already roasted to each part of metal to be extracted. When there 
was no longer any trace or smell of muriatic acid vu|*>ur*, he introduced tho roasted ore into 
vessels provided with filters, into which vessels water slightly acidulated was poured to wash the 
ore. According to this process, if the ore contains copper or silver, these metals will be found in 
the solution. The oxides of iron, tin, zinc, and so oil, remain in the vessel ; the oxide of tin is 
sc|inrnt«d by washing, and the oxide of ziuc by reducing it to metallic zinc. Gold remains also 
in the vessel, and is converted into chloride of gold by means of a stream of chlorine which is 
introduced into the vessel, and the chloride of gold dissolved in water. In certain cases, Hahner 
prefers to precipitate the copper by means of a stream of sulphuretted hydrogen, or by a solution 
of common ash, jotnwh, or soda alone or mixed with lime. 

Hiihncr further observes; — “ To form the oxides I submit tho ore to roasting either in the open 
air, or in kilns or furnaces for tho purpose of expelling sulphur, arsenic, and other volatile sub- 
stances, and render the ore more friable. If the metallic rock-gang contains calcareous sulwtancea, 
it must be burnt in a similar manner to lime, and dissolved in water ; the oxides, nnd so on, of this 
ore will deposit at the bottom of the vessel in which the lime has been dissolved and driven off. 
Oxidized and other ores which do not contain sulphur or other mineralizing substances only 
require to be brought to a rod heat. The ores treated as before described aro then reduced to 
powder by the ordinary means, and again roasted in a reverborntory furnace, a small quantity of 
coke, charcoal, coal dust, or other combustible being added to facilitate the operation. To decom- 
pose metallic oxides obtained, ami also other oxides, the red-hot ore remaining in the furnace after 
Lcing completely roasted is mixed with an alkaline chloride (chloride of sodium being preferred 
on account of its low price) in the proportion of about two |>arts by weight (more or less, according 
to the nature of the ore) of chloride for each |«nrt by weight of metal to be extracted from the ore. 
To obtain a more perfect mixture, I add to the chloride, before its introduction, atxmt an equal 
weight of ore already roasts!, mixing them intimately, and moistening them if drv. The moistened 
chloride or mixture of chloride and roasted ore ought then to he incorporated as intimately as 
possible with the red-hot ore in the furnace, and kept in a continual movement, and at a red heat 
until the smell of muriatic acid becomes less perceptible, and the ore commences to adhere to the 
workman’s tools; the ore is then withdrawn from the furnace, and a fresh charge added. It is 
odvantug<?ous to leave the red-hot ore thus withdrawn for some time in heaps, which renders the 
process still more perfect. If the ore contains no silica, it is requisite to add about 10 per cent, of 
this substance. The ores treated as l>efore described are then submitted in a hot state, if possible, 
to lixiviation, I add to the water employed for the lixiviation of tho roasted ore, about 5 jiarts by 
weight, more or less according to the nature of the ore, of sulphuric, muriatic, or other acid to 
100u |mrts by weight of ore, to render more soluble the oxychloriues or chlorides, and to decompose 
the free soda, silicates of soda, and so on, which may have been formed during the roasting, and 
which would cause a great loss of metal. The vessels in which the lixiviation is performed, may 
be of wood or masonry work, and may be of any form and dimension, according to circumstances; 
they should be furnished with an ordinary filter to allow the water to run off freely. The precipi- 
tation and purification of the metals contained in tho solution, or the formation of other commercial 
products, can be effected by the usual processes. Tho copper, however, may l»e precipitated also 
by common ashes, lime water, and caustic water, and tho products obtained may bo used in the 
manufacture of difi'ereut colours, salts, and soon, or reduced to the metallic state in ordinary 
furnaces, or by other known processes. The copper may also Is* precipitated in the state of arsenitc 
or aneniate of copper for tho formation of Schieles or Vienna green, by means of a solution of 
arsenite or nrseniute of potash. The refuse wash waters which have served for the nejmration of 
the metals may be employed for moistening the roasted and pulverized ores, or for other purposes. 
After the lixiviation, there remains in the vessel the powdered metallic rock gold, oxides of iron, 
tin, zinc, and so on, if the ore contained such metals, which can be utilized by known means." 

Other methods of treating ores containing copier, as well ns those of Napier and Henderson, 
will be treated of hereafter. Fee Auxjys. Arsenic. Atomic Weights. Chimney, p. 951. 
Furnaces. Goli>. Iron. Kilns. Lead. Nickel. Ores, Machinery and processes employed to dress. 
ItCAGENTa, employed in smelting ores. Silver. BVLFHTB. Tin. 

COPING. Fb., /xirmicr ; Geb., Mmierabdechtng ; ItaL., t ormamento ; Span., CabalUU. 

The Coping is the highest or covering course of masonry in a wall, often with sloping edges to 
carry off water; sometimes called capping . 

COP-SPINNEK. Fll., Iktbinoir ; Gkr., Spulnuischine ; ItaL., Filatoio; 8i*AN., Ifilandcra. 

See Cotton Machinery. 

CORK-CUTTING MACHINE. Fb., Bourhonnier ; Ger., Ffropfcnsehneidmaschinc ; ItaL., 
Macchinn da turacciolif Span., Maguina para cortar corchos. 

Figs. 3134 to 2139 relate to a peculiar construction and arrangement of a cork-cutting machine, 
invented by Hammer and Ilutz, of Philadelphia, U.8., whereby all the successive operations for 
transforming the bark of the cork-tree into any of the various descriptions of corks, may l>e con- 
ducted in such a manner, that the several operations can be simultaneously employed at different 
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manipulations upon the same machine, without hindrance to each other. This machine consists 
of an arrangement and combination of inochaiiitttn for cutting tapered corks from square or cylin- 
drical blocks; of an improved arrangement for effecting the preliminary operation of cutting the 
raw bark into strips, and for subdividing these strips into mrallel or tapered blocks of any required 
size, to be Bubmqucntly reduced to cylindrical or tapered cork* in the first-mentioned part of the 
machine; and of mechanism combined with these arrangements for cutting flat and cylindrical 
corks by means of revolving crown cutters; the whole of these various subordinate combinations 
forming one romplete machine, driven by one main <lriving belt. The main shaft of the machino 
carries a circular disc-cutter at each end, the edges of which are kept sharp by oil-stones fitted to 
the framing, and held in contact with the cutting edges as they revolve. One of these cutters, 
which is of larger diameter than the other, is for cutting tapered corks from suuaro or cylindrical 
blocks ; these blocks are contained in a tray or receptacle supjiortcd by a fixed bracket, and at the 
delivery mouth of this receptacle there is an adjustable gauge, against which the block is held by 
a blade spring until it is grasped between this adjoining ends of two rotating spindles. These 
spindles are contained in a sliding frame, and one of them, which may be termed the live spindle, 
receives a positive rotatory motion from an endless chain and chain pulley, tho other being merely 
carried round by the frictionnl contact with the cork. A self-acting clutch and clutch-lever throw 
the chain-actuating pulley out of gear when the sliding frame is receding from the cutter, so that 
the spindles may be at rest when in the act of gripping the block, and, consequently, they take 
hold of it with greater certainty and accuracy. The grip is obtained by the aid of a spiral spring 
on one of the spindles. As the sliding frame approaches the cutter with the block of cork to bo 
cut. the clutch is thrown into gear again, and the rotation of the spindles recommences. The cork 
being cut, and the sliding frame needing from the cutter, the spindles aro separated, in order to 
allow the cut cork to fall into an inclined shoot below, which delivers it into a receptacle for tho 
purpose. The clutch above referred to is thrown in or out of gear by a projection in the sibling 
frame coming in contact with the tail of the clutch-lover, as the slide moves to and fro. The sepa- 
ration of the spindles, in order to release the cut cork, is effected by a movable or spring incline, 
which acts upm the lower end of a lever, the upper end of which grasps a collar on the spindle 
hi bo slid back. This incline enables the lever to pass freely in one direction, namely, when 
approaching the cutter; but acts upon the lever and releases the cork when moving in tiie opfio- 
mte direction, or receding from the cutter. The reciprocating motion of the sliding frame is 
obtained by means of a chain or cord attached to op}H*iite ends of the slide, and passing under a 
drum or pulley to the periphery of which it is secured. By turning this drum or pulley in ono 
direction or the other, by tho aid of a lever handle, a reciprocating motiou is imparted to tho 
sliding frame. The Apparatus for cutting tho bark into strips consists of tho smaller one of tho 
two circular disc-cutters, in combination with a table and adjustable gauge. The bark is laid 
upon tho table with its edge against the gauge, and the cutter, by revolving in the direction of the 
feed, draws in the bark as fast as it is cut, without any force being required to pass it through 
the machine. When subdividing these strips into blocks, a sliding saddle is fitted on to the table, 
and upon this saddle is placed a head-piece having a squaring gtrip thereon, against which one side 
of the strip of cork is held whilst being cut. This head-piece is pivoted to the saddle by a vertical 
centre pin, upon which it is free to turn slightly in an horizontal plane, so as to present itself, and 
the strip of cork upon it, at an horizontal angle with the plane of the cutting edge of the circular 
cutter. This angular movement is controlled by two screw pins passing through slots in the head- 
piece, which screws, when tightened, serve to hold the head-piece fixed in a position perfectly 
(Mirallel to the cutter, when |«rnllol blocks are to be cut. When tapered blocks are required, the 
head-piece is moved alternately from one strip to the other between the successive cuts, and hence 
in lieu of the strip of cork being cut across at right angles, which would produce parallel blocks, 
it is cut across alternately at two opposite angles, thereby producing tapered blocks. The appa- 
ratus for cutting flat and cylindrical ends consists of a vertical spimlle, to the lower end of which 
are fitted differe nt sized crown cutters, according to the diameter of the corks required. Bt-neath 
this spindle there is provided a table for supporting the cork to lx* operated upon. The vertical 
spindle is driven by a twisted strap, from a driving pulley on the main or disc-cutter shaft of tho 
machine, such strap passing around a small fixed pulley on the vertical spindle. By having the 
usual fast and loose driving pulleys on the main-cutter shaft of the machine, and driving the sumo 
by a belt, the whole of the different operating jiarts receive motion simultaneously and in concert. 

Fig. 2134 is a side view of this cork-cutting machine, combining the atove-mentioned devices 
for effecting the several successive operations ; Fig. 2133 is a front view of the machine; Fig. 2186 
is a plan of that jiart of the machine in which the hark is first sliced and then cut ink) blocks ; Fig. 
2137 is a detached side view of tho feed arrangement of the tapering machine for cylindrical blocks; 
Fig. 2138 is a plan thereof ; Fig. 2189 is a detaehed plan view of jrnrt of the mechanism for cutting 
ta|x>red corks; and Fig. 2140 a detached view of the feed-table of the tapering machine for square 
or l*- veiled blocks. A is the main shaft of the machine, provided with fast nnd loose driving 
pulleys (in', and carrying at its extreme ends^ outside of the adjustable bearing *6, the circular 
cutting discs or knives B and (’, the larger one of which (B) serves to cut conical or cylindrical 
corks from blanks fed to it by means of the sliding spindle frame I). This frame — hereafter 
more fully described — is fastened iu an adjustable manner to the slide E, reciprocating in a Ixxl F. 
The feeding device for supplying cylindrical blocks to the spindles for transmittal to the knife B, 
is supported upon a stand c, and is constructed as follows; — Attached to the stand c, and vertically 
adjustable upon the same by means of a screw J, there is a rectangular piece «/'; on the top of tho 
horizontal part of d l is placed the gauge c, which is adjustable lengthwise along d\ and secured 
by a screw and nut. A receptacle G for the corks to be fed to the spindles is provided on the top 
of e. The position in which the cork is placed for being grasped by the spindles J and J 1 is best 
understood from Fig. 2137 ; resting upon the inwardly projecting end of d*. the cork is lightly 
pressed against the gauge c by a spring pad /, swinging upon a small rock-shaft <j, which pad is 
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sufficiently yielding to allow the cork to bo removed horizontally toward* tho cutting dine. A 
aliding movement of the spindle fnuue D, for alternately carrying the corks to tho knifo and 
returning to the feed- 
table for a next one, in 
given bv mean* of a 
cord or baud A, so at- 
tached to the opposite 
end* of the slido E, and 
to the periphery of a 
pulley If, that by mentis 
of a hand -lever H 1 on tho 
pulley-shaft i, motion is 
transmitted to E by the 
cord A in either direc- 
tion. The outward move- 
ment of the slide E is 
arrested by a fixed stop 
I on the plate F, while 
a screw I 1 serves as an 
adjustable stop for tho 
movement of E in the 
op|MMitc direction ; by 
varying the position of 
this screw, the finished 
diameter of the screw is 
regulated with accuracy. 

The spindle J, for rotat- 
ing the cork as it is pre- 
sented to the cutting 
edge of the circular knife 
B, is driven by means of 
a chain j fiassing over 
the pulleys p and p, tho 
latter being tbo driver, 
and receiving motion 
through the bevel-wheels 
p and belt j* from tho 
main shnft A. p is pro- 
vided with a clutch, und 




■M 

Ca) ti 

•M! 

f 






so actuated by a clutch-lever k and arm A* projecting from tho slide E, that tho spindle J ccasea 
to rotate as it recedes towards tho feed-table, and is in turn thrown into action when approach- 
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ing the cutting disc. The spindles being thus nt rest when grasping the blank to bo con- 
dncted to the knife, will be nmeh more certain to take accurate bold of the blank than if they 
were revolving at the time. A racking arm K, actuated during the sliding motion of E by an 
inclined plane **, and by a spiral spring i*, on the spindle J 1 , serve* to give the requisite sliding 
movements to that spindle for alternately grasping and releasing tho corks as they pasa through 
the machine. Although this sliding motion of one spindle only fa ordinarily sufficient, it may in 
aome cases be advantageously given to both spindles. The arrangement of the inclined plane f 1 , 
and the manner in which it actuates the double-armed lever K through the spindle J‘, will be best 
understood upon reference to Fig. 2139, where it will be seen that i 1 is attached to a plate L in tho 
following peculiar manner; — It has a limited vibrating movement upon a central axis /, between 
two small stops 2 and 3, the axis l being confined in an oblong opening in the plate L; a light 
coiled spring 4 bears against one end of r, and brings its other end in contact with the pin 3. 

The operation of the whole is as follows; — The lever K, while holding the cork to the knife, 
occupies the position represented in Fig. 2135, and as it recedes towards the feed-table, its small 
friction-roller 5 brings up against i 1 , as shown in dotted liucs at Fig. 2139; by yielding to the 
inclined plane tho lower arm of K is drawn inward, and by a consequent movement of its upper 
end in an outward direction, the cork just finished is released from between the two spindles, and 
falls down ; in this separated position the spiudles remain during tho whole outward movement, 
until at the instant of the slide E, bringing up against the ship L the friction-roller 5 is liberated 
from the inclined plane ; tho spiral spring i*, being thus freed from its previous compression, suddenly 
pushes the spindle J 1 inward, to make it grasp the blank on the feed-table. The roller 5 on tho 
arm K is now in the position shown in dotted lines, Fig. 2139; and as upon the advance of E 
toward the knife, this roller comes iu contact with the inclined piano i 1 on the opposite side, tho 
latter will yield to it in the oblong bearing of its axis /, so as not to disturb the spindles in their 
hold upon tho cork to bo cut ; in returning from the knife the described routine of movements is 
repeated. By an arrangement of hoppers or inclined planes, shown in Fig. 2134, the chips are 
separated from the finished corks ; the former, curling up on the inner aide of the knife, fall into 
the largo hopper M. and are heaped up under the frame of the machine ; while the corks as they 
leave the spindles are carried over two inclined planes m and n into a separate receptacle. N and 
N‘ are small oil-stouea, so attached to their supports as to press lightly against opposite sides of tho 
cutting edge of the knife, thus keeping it uniformly sharp. The mechanism for cutting tho bark 
into strips consists, in addition to the small circular knife C, of a table O and gauge O 1 ; the end of 
the piece of bark to bo cut into slices is hold against the gauge O', and then laterally advanced 
toward tho edge of the revolving circular knife C, the direction of motion of which is such as 
to draw the bark through without the least application of force on the part of tho workman. For 
the subsequent operation of reducing these strips into blocks, a sliding saddle 1* is employed in 
addition to tho gauge O 1 , which saddle has a vibrating head-piece Q. When reauired for cutting 
blocks with parallel sides, this head-piece is permanently fastened upon the sliding saddle P, in 
the position shown in the engraving, Fig. 213G; but the same parts arc in a very simple and effi- 
cient manner adapted to cutting blocks with tapering sides, from which tapered corks can be cut 
most economically. To this end, tho head-piece Q is made to vibrate upon an axis p, this movement 
being limited between adjustable stone q q ; the strip of cork is laid upon tho front part of the head Q 
against the squaring strip Q‘, and netween successive cuts of tho knife tho head is moved alter- 
nately from one stop to the other, so that the cork blocks l>ecome tapered by thus reversing the 
angle for each successive cut. In addition to the above mechanism, the machine is provided with 
a frame R, carrying in bearings 8 8 the hollow cutter-spindle T, for cutting cylindrical and fiat 
corks of Rny remured diameter and thickness, by means of changeable cutters set into the lower 
end of the spindle. U is tho table upon which rests the slioe of cork to be operated on by the 
revolving cutter, and V is the lever for actuating tho cutter-spindle ; the latter is driven from a 
pulley on the main shaft A by means of a half-twist belt running over a small pulley W. 

CORNICE. Fa., Comiche ; Ger., Kam icn* ; Ital., Comic* ; Span.. Comisa. 

Any moulded projection which crowns or finishes the part to which it is affixed is termed a 
cocm'cr ,• as the cornice of an order, of a pedestal, of a door, window, or house. 

CORNISH ENGINE. Fa., Machine it vapeur pour dlevcr C cent ; Gut., Was&erhcbvngsmaschine ; 
Ital., Macchina di Comoctujlia. 

See Pumps and Pumping Machinery. 

CORN MILL. Fb., Muniin a 6 1£; CJer., Mahlmuhlc ; Ital., Mulino; Span., Molina harinero. 

See Mills. Barn Machinery, Fig. 54C. 

CORROSION. Fr., Corrosion ; Ger., Zerfretmiyj-Corrosion ; Ital., Corrosion* ; Spak., Cor- 
rosion. 

With the exception of Robert Mallet’s extensive experiments on the action of air and water 
upon iron and steel, corrosion and anti-corrosion have not received that amount of attention on tho 
part of scientific men— chemists in particular — that their industrial importance demands. 

Malleable iron undergoes no change in dry air, or in water free from air; but in moist air, or 
water containing air, it gradually becomes oxidized or rusted from the surface inwards, until even- 
tually the entire mass is converted into oxide. Tho carbonio acid present in atmospheric air 
appears to contribute largely to the production of this change. The presence of saline substances 
in water also facilitates the oxidation of iron, while alkalies and oily or resinous substances retard 
it. Contact with more highly electro-positive metals, such as zinc, also hinders the oxidation of 
iron within a certain distance around tne point of contact. Caustic alkalies or alkaline earl* mutes 
act as preventatives. There is a theory that. so soon as the first thin coating of oxide has formed 
upon the surface of the metal, a galvanic action seta in, whereby the process of oxidation is greatly 
accelerated, the iron acting as a positive agent, the oxide as a negative one. Brass and copper are 
attacked by ammonia, for which no efficient preventive is known. 

Corrosion of Steam Boilers . — The process of corrosion is very similar to that of the combustion of 
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fuel, tho only difference being that in corrosion the metal uni ten with the corrosive agent slowly, 
while in combustion the fuel unites rapidly with the supporter of combustion. 

The external corrosion of a boiler is due to simple oxidation, caused principally by atmospheric 
exposure. 

In the In tilers of sea-going vessels it is also caused by the contact of the bottom of the boiler 
with bilge-water, and by the exposure of the top to leakage from the deck. The best means of 

E reventing this is to cover the top with felt and sheet lead soldered at the joints, and to keep the 
•ttoiu thoroughly painted. The internal corrosion is duo to simple oxidation, and to the galvanic 
action taking place whenever two different metals or a metal under different conditions are either 
wholly or partially immersed in a fluid in which either of them would be oxidized — that is, united 
with the oxygen of the corrosive agent, and which has the effect of oouflning the corrosion princi- 
pally and sometimes wholly to one of the two metals in contact. The sheets are eaten away around 
the rivets before the rivet is injured, on account of the iron in tho rivet being in a different condi- 
tion from that in the sheet, owing to its being more dense from being hammered until cold, and, 
consequently, producing a galvanic action by which the sheet is corroded. Tube-sheets are apt to 
leak, when the sheets ami tubes are composed of different metals, from the effect of the galvanic 
action produced by them. 

Tho hot brine or tea-water contained in marine boilers is a most powerful corrosive agent of 
wrought iron. Hence the stays are corroded, and tho pins or bolts which hold the stays are oaten 
and loosened. A very thin film of scale is the beat protection against this kind of corrosion. Tho 
corrosion of the steam drum is caused by the high temperature of tho uptake, about 000° Folir. for 
natural draft, thereby superheating the steam, and oxidizing the iron in a similar manner to tho 
making of hydrogen gas. by sending steam over red-hot iron. 

Boilers not in use are liable to corrosion on the fire side of the heating surface as well as on tho 
water and steam side. To prevent this, the smoke-stack should he covered over to keep out raiu 
and moisture; tho man-hole plates taken off, so as to allow a free circulation of air inside; and a 
light fire of shavings should bo built occasionally to dispel all moisture. 

Common of High-prenuro Boiler *. — Sneaking on the explosion of locomotive and other high- 
pressure boilers, William Kirtley, of Derby, in a paper printed in the Proceedings of the I. M. E. 
(18Gb), observed that in the large majority of exploded locomotive boilers it lias been found tlrnt the 
explosion has arisen from the plates of the boiler having become weakened by corrosion at particular 
places. In the paper referred to it w«h tho writer’s object to describe tho nature and extent of this 
corrosion, and to endeavour to show the causes of its occurrence, together with the means of pre- 
vention. 

In the present ordinary construction of locomotive boilers with lap-joints, as shown in Figs. 
2141, 2142, the wear by corrosion of the plates is found principally rouud the smoke-box end of the 
boiler barrel, in the interior, opposite to the edge of tho outside angle-iron as shown at A A in 
Figs. 2143 to 2145, where an annular groove is found to be eaten out of the plates by corrosion. 
This grooving extends sometimes so deep into tho plate that only a thin shell of metal is left 
on the outside at tho bottom of the groove, os shown in Fig. 2145, which is a full-size section of 
an actual case of tho grooving ; ami the corrosion takes place so rapidly in many coses that the 
plates require renewal after only a few years' work. A similar grooving also takes place along tho 
edge of the inside lap at the longitudinal joints, as at I) and E in Fig. 2146, ami also at the trans- 
verse circular joints, as at B B in Figs. 2147, 2148; but in the latter case tho grooving does not 
occur so frequently, nor is the extent of corrosion so great, as at the smoke-box end and at tho 
longitudinal joints. 

It may be remarked first that this grooving is only found below the water-line, showing that it 
must be due to the chemical action of the water on the plates; ami the sjioeial point to bo inquired 
into is tho cause of this action being so remarkably coucentrated at the particular lines where the 
grooving takes place. It was evident from the specimens shown Kirtley, which were taken from 
locomotive boilers that hail been at work for various period* of from three years to as much as 
nineteen years, that some corrosion also takes place over the general surface of tho plates; but this 
is very limited in extent compared to the grooving at tho seams, and it occurs very irregularly, 
being apparently influenced by tome irregularities iu the structure of the plates, causing them to 
be pitted irregularly by the corrosion. 

In the ordinary construction of locomotive boilers with lap-joints, os shown in Figs. 2141, 2142, 
the barrel of the boiler is constructed of three rings, each ring formed by two plates of ^ in. thick- 
ness, riveted with lap-joints FF and II H. The general amount of lap is 2$ in. for single-riveted 
and 3$ in. for double-riveted joints. The smoke-box and fire-box are each united to the barrel of 
the ls>iler by an angle-iron K K, Fig. 2142, 3 in. or 3$ in. wide, welded into a ring. General 
experience has shown that after five or six years’ wear of these lioilers the grooving action that has 
been described is developed at the joints and at the edge of the angle-iron rings. 

Now the longitudinal strain upon the joints of boilers constructed in this manner tends to spring 
and bend the plates at tho joints, when under pressure, into the form shown exaggerated in Fig. 
2143, In consequence of tho plates not being originally in the line of strain, as shown by the dotted 
line 8 8 in Fig. 2142, which, it will he seen, runs along the outer fact* of one plate and the inner 
face of the next. Also, in the longitudinal joints of the barrel, shown at F F in Fig. 2141, a 
similar mechanical action takes place, the strain acting in the true circle shown by the dotted line 
8 8, springing and landing tho plates at tho edge of the joints, as shown at G G, each time that 
the boiler is under pressure. The continued alternation of expansion and contraction in the boiler 
causes the scale that is deposited ti|M>n the plates from the water to be continually broken off at the 
edge of the joints by the mechanical action of this springing and landing of the plates at the lines 
of the joints; and the plates ore thereby laid Iwire at those ports, and kept continually exposed to 
the corroding action of the water, instead of being protected from the action of the water by the 
deposited scale remaining attached to them. 
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Though the corrosion produced by the water is slow in action and but slight in eflbct on the 
rest of the boiler-plates, which are protected by some deposit of incrustation remaining almost con- 




stantly upon them, it be- 
comes very serious on an 
exposed raw surface of 
iron : and this action is 
particularly severe in the 
case of locomotive boilers, 
in consequence of the total 
quantity of water evapo- 
rated in a locomotive boiler 
being much greater in pro- 
portion to the surface of the 
plates than in stationary 
toilers. The particulars 
are given in the accom- 
panying Table of the total 
work done and water eva- 
porated daring the time 
they were running, by the 
several locomotives speci- 
fied; from these particu- 
lars 10,000,000 gallons of 
water may be taken as 
having been evaporated in 
a locomotive boiler during the five to eight years in which the plates have Ijecome corroded through. 
As this is nearly double the quantity evaporated in tho same time by an ordinary stationary boiler 
having three times the surface of boiler-plate exposed to the action of the water, the total work of 
the locomotive boilere may be considered as amounting to six times the evaporation the square inch 
of plate in the same time, and the total length of working as equivalent, consequently, to from 
thirty to fifty years' working of a stationary boiler. 


Grooving at A. 


aus. 

Grooving at B. 


Particulars or Ixxx>vomm8 from which Specimens or Corroded Plates were taken. 


Number of 

Engine. | 

Yean of 
Working. 

Miles ran. 

Water consumed. 
Gallons. 

Number of 
Engine. 

Yean of 

Working. 

MUea ran. 

Water consumed 
Gallons 

99 

8 

83,349 

1,462,774 

274 | 

13} 

303,249 

10,644,039 

121 

in 

334,711 

5,874,178 

300 i 

Hi 

229,102 ' 

8.043,587 

123 

12 

290,380 

5,096,169 

'S06t 


142,808 1 

5,012,560 

141 

«i 

1 208,679 

4,715,310 

389 

10* 

240,950 1 

8,668,155 

1G2 j 

8 j 

255,042 

4.475,987 

375 

3} 

<>7.072 

2,354,227 

187 

H 

229,099 

1 8.011,374 

. 388 

4 

180,985 

0,352,573 

235* i 

14 

1 315,227 

11,06-4,467 

•110 


158.801 

5.573,915 

250 ; 

nf 

316.391 

11,105,324 

422 

H 

231,035 

8.109,328 

255 1 

14 

293,559 

| 

10,293,920 

658 

18} 

219,672 

4.381,743 


* Flanged lube-plate. f After renewal will) thick-edge platra 
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It must bo noticed that the pressure under which the locomotive boilers are worked is much 
higher than in the case of stationary boilers, and the injurious action caused by the springing of 
the plates at the joints is therefore proportionately increased : and taking the pressures at 35 lbs. 
the inch for the stationary boiler ana 140 lbs. for the locomotive, this makes the action four times 
greater in the locomotive boiler from this cause, taking the increase to be only at the same rate as 
the increase in pressure. Hence as the action is six times greater from the previous cause, a total 
is given of twenty-four times as great an extent of injurious action in the locomotive boiler aa in 
the stationary boiler in tin* same length of time. As an illustration of the efforts of increased 
pressure in increasing the corroding action, it may be mentioned that this grooving of the plates 
has been found to Is* materially increased in amount since the working pressure of locomotives 
has been increased from 100 lbs. up to the present 140 lbs. the inch. 

In some of the older classes of locomotive engines Kirtley found that there is an increased local 
action of serious amount caused in the boilers by the rigid points of attachment to the boiler barrel, 
snob as frame-stays, brackets, and so on, which offer special points of resistance to the expansion of 
the boiler when under pressure. A specimen of this grooving, taken from No. 187 engine in the 
preceding Table, is shown at C C in Figs. 2147, 2148, caused by the rigid attachment of the 
spectacle bracket M to the boiler barrel. The result is made worse when the flre-lmx is rigidly 
fixed to the frames, or not allowed full freedom for expansion by the provision of a sliding bracket ; 
as a great additional strain is thereby thrown on the tube-plate, springing the angle-irons round 
the ends of the boiler. The expansion of a 10 ft. 0 in. or 11 ft. boiler barrel being about A in. at 
a pressure of 140 lbs. the inch, an attachment to the frame at anv other place besides the fixing of 
the cylinders and tube-plate at the front end must subject the boiler to a bending strain at tho 
points of attachment, causing a risk of corrosion at these points. In tho Midlaud Kail way engines 
all the other attachments except the srooke-box angle-iron are now removed, including tliat of tho 
motion-plate which carries the inner ends of the slide bars ; and the boiler is allowed in expanding 
to slide freely throughout upon the frames. 

In tho longitudinal joints of the boiler the grooving from corrosion is generally found to be 
more marked when the inside edge of the lap faces upwards, as at E in Fig. 2146, than when it is 
turned downwards, as at D. In tho former case it may be considered that the deposit will collect 
upon tho projecting ledge in larger quantities, fanning a thickness of deposit sufficient to be 
detached bodily by the springing of tho plate under pressure ; and it will consequently leave the 
bare plate more frequently and extensively exposed to the direct action of the water, than when 
the edge of the plate faces downwards, as at D, because in the latter case the thinner film of 
deposit will not be so readily and frequently detached from the plate by the same action. It must 
be borne in mind that tho earthy deposit itself, being chemically neutral, cannot have any injurious 
action upon the plate : except in the cose of a stationary boiler heated from an external flue, where 
undue heating and expansion of the plate are caused wherever its inner surface is separated from 
the water by any considerable thickness of non-conducting de(>osit. 

In the preceding Table are given the jsirticularH of seventeen locomotives on the Midland 
Railway, from which the specimens of corroded plates were taken ; showing the length of time of 
working, and the mileage and consumption of water before the plates had become bo defective os 
to require removal. The average result is, 10| years’ working, 255,645 miles run, and 7,618,778 
gallons of water consumed by each engine. 

In the case of tho boilers constructed in the ordinary manner, as already described, the plates 
cut out show the grooving action of the corrosion below the water-line, while they are comparatively 
clean above. In No. 235 engine the tube-plate was flanged and riveted inside the boiler barrel ; 
and the result of working shows the advantage of this mode of construction over tho ordinary 
angle-iron joint, since the plates at the smoko-l*>x end ore not grooved along the edge of the flange, 
as they would have been with an external angle-iron. 

From the foregoing consideration of the subject, olwcrves Kirtley, it therefore appears that tho 
special corrosion of the plates at the joints is to be attributed to the combined operation of chemical 
and mechanical causes, the chemical action of the water in the boiler being concentrated upon those 
particular parts in consequence of the mechanical action produced at those parts by the strain upon 
the plates. That the combination of these two causes is requisite for producing this effect is show n 
by the middle of the plates being free from it, where they are exposed to the chemical action alone, 
without the mechanical action ; and further by tho joints in the upper part of the boiler above the 
water-line being also free from it, where exposed to the mechanical action alone, without the 
chemical action. The removal of one of these causes will therefore be sufficient ; and in the loco- 
motive boilers now to bo described this object has been aimed at by removing the mechanical cause 
which produced tho springing of the plates at the joints. 

From the particulars already given of the corrosion which takes place in locomotive boilers, it 
appears that the greatest injury takes place at the smoke-box end of tho barrel, where there is not 
only a great and sudden change in the thickness and rigidity of the plates at the edge of the angle- 
iron, as at J in Fig. 2142, but also a leverage for the springing of the plate from the outer line of 
rivets, as at L in Fig. 2149. The consequence is the bending of the plate at the point .1, as in 
Fig. 2149, each time of being under pressure of steam, owing to the outer line of rivets L being 
entirely outside of the line of strain 8 of the boiler-plates. There is also a great tendency to 
injury of the angle-iron, by this action tending to split it between tho rivet-holes at the outer lino 
of rivets L. 

The present plan adopted on the Midland Railway is found to obviate the injury previously 
experienced from corrosion ; and this is accomplished by the use of plates rolled with thickened edges, 
as shown in section in Fig. 2150, and shown exaggerated in thickness in Figs. 2151, 2152. The 
ordinary thickness of A in. is preserved in the body of the plate, and the edges are thickened to 
| in., with a long gradual taper in the thickness from I to I, Fig. 2150, about 4 in. long. The effect 
of this long taper is tliat, when the plate is flanged, as at N, in order to do away with the angle-iron. 
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the taper ensures a gradual springing of the plate, distributed over oil that length, instead of the 
sudden bending concentrated at one point, oa at J iu Fig. 2 lit). 


2150. 



A similar section of thick-edge plate is also used at the transverse circular joints, as shown in 
Figs. 2151, 2152, causing a gradual springing of the plates over a considerable length when under 
pressure, as in Fig. 2152, instead of the former sudden bending at one point, as in Fig. 2149. 
There Is also an increased strength gained by this mode of construction, as the increased thickness 
of the plates between the rivet-holes compensates for the loss of section by the holes. 

The practical working of the thick-edge plates is shown by the specimen No. 300 engine in the 
preceding Table. The original boiler of this engine, constructed in the ordinary manner, was 
removed after 11 J years* working, as the plates were much grooved and pitted ; and a new hoiler, 
constructed with the thick-edge plates, was substituted, which has continued at work G$ years. 
It was then found that the plates were free from grooving, although they were badly pitted. 

A consideration of the ordinary construction of locomotive boilers and their defects shows that 
their construction admits of important improvement in the barrel, by removing the injurious strains 
resulting from the employment of lap-joints, which throw the plates out of the. line of strain, and 
by making the barrel truly cylindrical and circular throughout. These objects are effected by 
welding the longitudinal joints of the three rings forming the boiler barrel, and making these rings 
all exactly the same diameter, uniting them to one another with flush butt-joints. This plan is 
now carried out upon the Midland Railway, as shown in Figs. 2153 to 2155, and exaggerated in 
thickneas in Fig. 2156. The meeting ends 
of each ring are turned in a lathe, and 
united by covering strips OO, formed of 
welded flush rings, shrunk on over the 
joints and double-riveted. Strengthening 
hoops P P are also shrunk on the centre of 
each of the plates, enwaing the longitu- 
dinal Welded joints, and are secured by 
a few rivets. Theso hoops and covering 
strips for the joints are carefully blocked 
beforo being shrunk on, and the whole of 
the rivet-holes are drilled after the hoops 
are in their places. 

These boilers are consequently truly 2154 . 

cylindrical at all parts, and no strain to 
which they are subjected has any tendency 
to change their circular form. The effect 
of the longitudinal strain upon the trans- 
verse circular joints, as in Fig. 2157, is 
found to bo altogether inappreciable in 
practice, because the covering rings OO 
rould not yield to it without contracting 

in circumference in the form of a double 21W- 

cone. Fig. 2157 ; and on this account, to- 
gether with their greater thickness, they 
offer a greatly increased resistance as compared with simple lap-joints. All possible effect of 
the longitudinal strain might indeed be cutirely got rid of, if desired, by the further addition 



of inside covering Btrips at the butt-joints, as shown in Figs. 2158, 2159. At present the circular 
plates of these welded boilers are in two semicircular segments for the circumference of the boiler, 
and therefore require two welds; but Kirtley thinks the barrel of the boiler would be improved if 

4 A 





Digitized by Google 







1090 ' COBBOSION. 

each length were made of ono plate only, whereby only one longitudinal weld would be neoe*- 
aary. 


A remarkable corroboration of the correctness of this mode of construction is given by the 
samples. No. 658 engine, the boiler of which was constructed with butt-joints all flush throughout, 
the transverse joints being covered by external hoops and the longitudinal joints by internal stri|is. 
This boiler lias been at work nearly nineteen years, having been started in 1847 : but tho engine 
Using of smaller sire than those now used with trains, has only been employed as a spare engine 
for some years past. The plates of the boiler, which are the original ones owl have never l«ecn 
repaired at any part, are all good, and the grooving has not taken place at tho butt-joints, a little 
irregular pitting alone being visible on the inside of the plates. The boiler has now been cut up 
only on account of the engine being abandoned from the great length of time it has U*en worked. 
The remarkable contrast shown by the freedom of the butt-joints in this boiler from tho grooving 
ao universal with the lap-joints in the ordinary boilers appears only to admit of being accounted 
for by the difference of construction of the joints in the two cases. In another engine of tho same 
class, which was last broken up. after attaining the maximum mileage of 343,000 miles, the Isriler- 
plates were very badly grooved at the angle-iron joint at the munke-box end, showing that this part 
of the U >iler remained as defective as in the ordinary tailors, the construction taing the same as 
regarded this joint ; while the rest of the joints being* butt-joints were free from the grooving. 

Tho flanging, bending, and welding of the thick-edge plates for forming the boiler laurel are 
performed by the aid of machines specially designed for the purjiose, which are shown in Figs. 2100 
to 2172. 

Tho Flanging Machine is shown in Figs, 2100 to 2162. It consists of a horizontal table A, on 
which the thick-edge plate, shown block, having been previously heated, is laid and secured by 


<4»>np«, being pushed forwards against tho adjustable stop B, Figs. 2161, 2162, so that tho thick 
projects beyond the edge of the table to the required extent for forming the flange. The 
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roller C is then brought down with a slow motion by the eccentrics D, as shown in Fig. 2161, 
being firmly held by guides E at each end in the frame of the machine; and the edge of the plate 
is thus gradually bent down to form the flange. The table A is made to slide upon the bed F of 
the machine, and is set up by adjusting screws G to the required amount of clearance from tho 
bending roller B. according to the thickness of the plate to be flanged. The front edge of tho table 
is faced with a separate wrought-irou or cast-iron edge-niece I, which can he removed and changed 
for another having a different curve for the edge, according to the curve that is desired in the neck 
of the flange. The holding-down bar H is screwed down tight upon the plate, immediately behind 
the edge of the table, so ns to hold the plate down flat on the table while the flange is being bent 
by the roller. The working speed of this machine is sevon double strokes per minute. 

The Bending Machiuo, for bending tho thick -edge plates into the semicircle to form the boiler 
barrel, is shown in Figs. 2163, 2164. It consists of three horizontal rollers, of which the two lower ones 


3163. 



3164. 

A 



A A are carried in fixed bearings at each end in tho frame of tho machine ; while the third roller B 
slides vertically in the frame, and is lowered by the screwB CC at each time of passing the plate 
through the rolls, to give the required degree of curvature to tho plate. The screws C C were at 
first worked by band, but are now driven by gearing from the main shaft. As the thickness of 
the hody of the plato is only X in., while the thickness of the edges is | in., a liner-plate, iu. 
thick, is laid over tho body of the boiler-plate in the bending process, in Older to make np the same 
thickness of f in. throughout for passing through the rolls ; and the liner-plate is afterwards flat- 
tened again ready for subsequent use. At one end of each of the lower rollers A A is a groove D 
to receive the flange of tlie plate; this groove is shown enlarged in Fig. 2165, and is formed by a 
glut-piece or ring E, screwed upon the roller-spindle F and tightened by a set screw G. by means 
of which the width of the groove can be increased or diminished according to the thickness of the 
flango of the plate. A corresponding groove is pmvidt-d at the opposite end of the upper roller B. 
to allow of bending plates with the flange inside instead of outside. In order to obtain a sufficient 
hold upon the plate to pass it through the rolls, the surfaces of all the rollers are fluted longi- 
tudinally with shallow flutes at 1$ in. pitch, a» shown in Fig. 2165, and enlargod to half fnll size 



3166. 



in the section. Fig. 2166. The lower rollers only axe driven by gearing, the upper roller being 
merely a pressing roller for giving tho required curvature to the plates, and weighing about 25 cwt. 
The working speed of the rollers is three revolutions a minute, or about 12 ft. a minute speed of 
surface. 

The two semicircular plates are then welded together into a single ring, to form one length of 
the boiler barrel. The edges to be welded are first heated in the fire at A. Fig. 2167, and ujwet 
sufficiently to give tho required thickness of metal for fanning the scarf weld. A welding heat is 
then taken on a short length of the joint of the plate*, ami the plates B are welded together along 
the joint upon tho welding anvil, shown in Figs. 2167, 2168. The anvil-face 0 is shaped to the 
internal diameter of the boiler barrel, and is separate from the (ledcstal D of the anvil, so that it 
can he exchanged for oilier size* of face, according to the diameter of the boiler. During the 
heating and welding, the plates B are held in tho circular frame E, in which they are securely 
clamped ; and the frame E being slang from a crane, the plates are readily handled. The two ends 
of the joint are first tacked together by welding, to secure the correct diameter of barrel, and the 
joint is then welded in short lengths from the centre towards each end. 

4 A 2 
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The rings of the boilor barrel, when welded tip, are blocked, to test them by stretching and 
ig them to the diameter of the boiler. For this purpose tho rings are first heated in the 
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blocking furnace shown in Figs. 2109, 2170, having the fire-grate A tinder tho centre, with six 
chimney-flues C C round the circumference. The ring B to be heated is put in from the top, and 
placed on end, with the heat from the fire passing up through the inside of tho ring and then down 
all round the outside to the flues, so as to give a uniform heat to the ring. 


2189. 


E E. These blocking segments are carried up for the purpose and strengthened by brackets, as 
shown in the drawing. One half of the height of the ring B is blocked at once ; and tho ring is 
then turned over for blocking tho other half. 

The welded joints of these boilers have been tested by a series of experiments upon the tensile 
strength of strips of plate cut out across the weld, which were taken from several boilers from the 
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opening cut out for tho steam dome R, Fig. 2153. Three sets of strips wero tested, of 1, 1|» imd 
U in. width respectively, and each 7j[ in. length, cut out of tho plate transversely to tho weld, 
which was in the middle of each piece. The following was found to he tho average breaking 
strength a sq. in. of these strips 


Experiments to test 8trenqth or Welded Joints. 


Whitt) of 
Strips. j 

No. of Strips 
tmted. 

Broke In 

Weld. 

Broke la 
Solid. 

Breaking Strength prr sqnaro inch. 
Least. | GreauaL 1 Average. 

Inch. 





L>m. 

tons. 

1 

15 

8 

7 

ie-5 

23*8 

20*2 

11 

4 

2 

2 

19-« 

22-2 

21 0 

>1 

4 

1 

3 

IS- 1 

23 5 

21*7 

Total 

.. 23 

1 11 

12 

16*5 i 

23-8 

20 6 

Also 

.. 11 Strips of tho same plates! 

unwelded .. .. .. ../j 

20- 7 

25*8 

23 6 


From these results it appears that more than half of the strips broke in the solid and not at the 
weld, ami the average breaking strength of the twenty-three welded plates was within one-eighth 
of the full strength of the eleven unwelded plates ; while tho worst pieces, including some oases of 
as extremely defective weld as are at a11 likely to occur iu practice, hod more than two-thirds of 
the full strength of the unwelded plates. 

In reference to the cost of construction of tho welded boilers in com|Nirison with the ordinary 
class of lap-jointed single-riveted boilers with angle-iron ends, it has to be noted that there is an 
increase of weight of lj ton in tho new boilers, the weight of the 1 1 -ft. boilers, 3 ft. 11 in. diameter, 
being 7| tons as oompared with 6J tons in the old class of boilers of the same dimensions. This 
increase arises from the thick-edge plates, and from the hoops and joint strips, which weigh ubout 
21 cwt. each : and tho joints, instead of being single-riveted, are double-riveted ou each side of 
the joint, making four rows of rivets. 

There have, says Kirtley, been nineteen of these welded boilers in constant use upon tho 
Midland Railway for the last 6$ yean*, and the result has proved so thoroughly satisfactory that 
this construction has now been permanently adopted for the engines of this line. Up to tho present 
time (18tK>) all these nineteen boilers have been examined once, and have been found in good condi- 
tion ; the mileage of each during the 6£ years that they have been running has been equal to about 
175,000 miles, and each boiler has hnd one set of tubes worn out.* 

Anti-oorrosive Paints. — Tarr and Wenson’s anti-corrosive paint for sbips' bottoms consists of a 
composition made by reducing an alloy of zinc, tin, iron, and quicksilver to powder, and adding to 
the mass 20 per cent, of white arsenic. This is mixed with a composition of 40 gallons of wood 
tar, 30 gallons of ooel naphtha, and $ lb. oxide of iron. 

G. W. Morse's paint lor ships' bottoms is composed of antimony, 80 parts ; lead, 15 ; cement — 
copper, 5 ; naphtha, 1 ; benzine, 1 ; and tar, 2. 

See Boilers. Construction, p. 1053. Galvanized Ikon. Incrustation or Boi lees. Kyanizinu. 
Locomotives. Stone, artificial. 

COTTER. Fr., Clarette ; Ger., Keil ; Ital., Pictia, trppa ; Span., Castilla. 

A cotter is a wedge-shaped piece of wood, iron, or other material, used for fastening tho ports of 
a structure ; a key. 

COTTON GIN. Fft., Machine a tplucher le coton ; Ger., Rcissvolf ; Ital., Macchina da net tar 
cotone ; Span., Desgranatlora. 

See Cotton Machinery. 

COTTON MACHINERY. Fr., Machines a filature de coton; Geb., Spinneret Maschinen ; Ital., 
Macchine da lavorare it cotone ; Span., Maquinaria para /ah near algodon. 

John Platt, of Oldham, in a pa|>er printed in the Proceedings of tho I. M. E., observes that the 
process of spinning involves three essential and distinct operations ; — 

1st. Drawing, in which the fibres of the raw material are dm am out longitudinally, so as to lay 
them all parallel with one another, and overlapping at the ends ; as is done by the fingers of the 
hand spinner for forming a continuous sliver out of the short fibres lying irregularly in the bundle 
that is tied upon the distaff. 

2nd. Twisting, in which the sliver previously formed is twisted into a roving or thread, for 
giving it longitudinal tenacity by increasing the lateral friction between tho fibres ; as is done by 
the hand spinner by twirling the bobbin on which tho portion of thread already twisted lias been 
wound. 

3rd. Winding, in which each portion of the thread, after it has been sufficiently twisted, is 
wound upon the bobbin. 

In the application of machinery to tho performance of these operations, the great difficulties 
experienced have arisen from tho irregular character of the cotton fibre on the one hand, and on 
the other from the unyielding action of machinery, which has to take tho place of the delicate 
feeling of the fingers in hand spinning, whereby the spinner is enabled to accommodate the action 
continually to the variations in the material. It is a point of tq>ecia) mechanical interest, however, 
to note at how early a period in the application of machinery correct ideas were developed as to 
the principles of action in the important successive steps; so correct indoed that they have 
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remained unaltered in principle to the present time, although many highly ingenious improve- 
ments in detail have subsequently been effected. 

In Paul’* first machine the raw cotton was passed through a succession of pairs of rollers, each 
pair running faster than the preceding, so as to draw out the sliver of cotton longitudinally to any 
deg r ee of fineness required. The machine thus accomplished only the drawing process, leaving 
the sliver so formed to be twisted and wound afterwards by hand. The great feature of this inven- 
tion wits that the important principle of drawing by rollers running at different speeds was thus 
established at the outset, to supersede drawing by the fingers in baud spinning; and this mode of 
drawing has been adhered to ever since os the fundamental principle in the preparation of fibrous 
materials for spinning. 

Paul invented, also, a carding machine, for carding or combing the raw cotton in preparation 
for the drawing rollers. It consisted of a number of fiat parallel cards fixed upon a table with 
8{iaces l>etwoen them ; and the teeth of the cards being all bent in the same direction, the cotton 
was carded by being drawn over them by hand by means of an upper flat carding board set with 
teeth bent in the ojqjosito direction. In another arrangement this flat upper card was replaced by 
a horizontal carding cylinder, made to revolve by hand ; and the lower carding tabic was mode 
concave to fit the under-side of the cylinder. When the cotton was sufficiently carded, it was taken 
off each card separately by hand by a needle-stick, and then connected into one entire roll or lap. 

Paul improved his original machine, in 1758, by rendering it capable of performing the two 
other processes of twisting and winding requisite to complete the operation of spinning by ma- 
chinery ; and he constructed a spinning machine having a circular frame containing fifty spindles. 
The cotton was drawn by rollers, as in liis previous machine, and the sliver was delivered from tho 
rollers to a bobbin upon each spindle, by means of an arm or flier fixed upon the spindle; and tho 
spindle being so contrived as to go faster than the bobbin, the sliver was thus twisted into thread 
by the flier, before being wound upon the bobbin. 

Although tho two mechanical principle* which have formed the basis of all subsequent spin- 
ning machinery — namely, the drawing rollers, running at different speeds, and the differential 
motion of tho flier and bobbin —were thus originated by Paul, it does not appear that his machines 
were ever practically successful ; and Arkwright’s spinning machine, in 1709. appears to have the 
merit of being the first that was brought into successful operation. This machine cannot be called 
more than an improvement io detail upon Paul’s, ns tho principles of the two wore the same ; and 
it is difficult to imagine that Arkwright had not seen l*nul'B machine. Tho success of the later 
machine may Ik* attributed to its superiority both in workmanship and in the material employed, 
the earlier machine having been comjiosed almost entirely of wood. 

In 1770 Hargreaves invented the Spinning Jenny, shown in Fig. 2173, tho principle of which 
is identical with that of the present spinning machinery. It thus presents a remarkable instance 



of a correct perception respecting the best inode of working having been attained at so early a 
stage in the application of machinery’ to a new purpose. The operation of spinning into threads 
the rovings produced by the machines of Paul or Arkwright, or by the modem improved machines 
similar in principle, comprises tho two processes of twisting and elongating the roving to form it 
into a thread, and then winding the spun thread into the form of a cop upon the same spindle by 
which the spinning or twisting has been performed. These two processes still continue to bo 
effected in esnentially the same manner ns in Hargreaves’ spinning jenny. 

The twisting of the thread is effected by causing tho spindles U, FMg. 2173, to revolve, as though 
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for winding tip the thread, bat allowing the thread to slip off the free end of the snindle onoe in 
each revolution. For this pnrpoeo the thread is led off from the top end of tho apimllo at an angle 
no much greater than a right angle that its tendency to wind in a spiral brings it to the ton 
extremity of the spindle in each revolution, causing it to slip off the end of the spindle at each 
successive revolution; and the top of the spindle is shaped conical to facilitate the slipping 
of the thread off the end. Tho result is that the thread is twisted one turn by each revolu- 
tion of the spindle, without disturbing or interfering with the portion of spun thread already 
wound up into a cop on the lower |*s>rt of the spindle. The cross-uar J, carrying the guiding eyes 
through which the several threads pass, rests at each end on a carriage that runs along tho side 
framing of the machine; and before the commencement of the spinning by the spindles (*. tho 
cross-bar is first drawn backwards from the spindles by hand through alniut ono-thinl tho length 
of the moehino, drawing off a continuous supply of roving from the bobbins K below, which are 
free to turn on their liearinga. The clasp II is then pressed down tight ipoo the cross-bar J, 
holding the rovings fast, and the spindles (J are act in motion, twisting the lengths of thread 
between the spindles and the cross-bar; and during the twisting the croas-nar is gradually drawu 
backwards by hand to tho end of the machine, thus producing the required elongation of the threads 
by tension during the spinning, as is done in the case of hand spinning by the weight of the bobbin 
or spindle hanging from the twisting thread. The spindle# G receive their motion from the drum 
M driven by the driving pulley L, which is turned with tho right hand by the handle N, while 
the left hand draws back the cross-W J by means of the handle upon the clasp H. 

When the cross-bar J has been drawn back to the extreme end of the machine and the spinning 
of the threads has been completed, they are then wound up on the spindles by depressing them all 
simultaneously to the lower portion of the spindles by means of the fuller wire O, which is brought 
down upon the threads by the rotation of the discs I* Pin tho direction of the arrow. The rotation 
of the discs is effected by tightening the coni R which runs along tho side of the machine, and 
they are turned back again by a counterbalance weight for raising the faller wire when the cord is 
released ; the coni passes round three horizontal pulleys on the hip of the carriage S, and is tight- 
ened for depressing the faller wire by a transverse sliding movement being given to the middle 
pulley by means of a hand lever, which is worked by the left hand whilst holding the clasp on tho 
croas-bar J. Tho threads being depressed by tho faller wire, tho further rotatiou of the spindles now 
causes the threads to lie wound up in cops upon the spindles, the sliding cross-bar J being pushed 
forwards gradually by hand as the winding proceeds, until it again reaches the spindles, when it 
is ready for beginning the spinning of a fresh length of rovings. During the winding of the threads 
already spun between tlm spindles and the cross-liar J, this length of the thretuls is secured and 
separated from the untwisted rovings beyond the cross-liar by tho pressure of the clasp II, which 
is kept pressed down tight upon the threads. 

On the completion of the Bpinning, however, of each length of the threads, and before the change 
can take place from spinning to winding, it is necessary first to unwind the short spiral of thread 
extending up from the top of the cop previously wound to the top extremity of the spimlle. This spiral 
is unavoidably formed at the commencement of the twisting, before the thread eon reach the point 
where it ceases to wind and begins slipping off the end of the spindle at each revolution ; but if 
this portion of thread were not entirely removed liefore the faller wire O is lowered at each time of 
changing from twisting to winding, an irregular and loose accumulation of thread would take place 
upon the "upper end of the spindle, spoiling the form of the cop and interfering with the proper 
slipping-off action in twisting. The motion of the spindles has therefore to be stopped and reversed 
for a few turns when the twisting is finished, to unwind these few spiral coils ; and this was done 
in the spinning jenny by the spinner stopping the driving wheel L, and then giving it a partial 
turn backwards by hand, for backing off the thread before driving forwards again for winding tho 
thread on the spindles. 

This hacking-off motion and tho faller wire are identical with those now in use in the modern 
spinning machines, the only difference being that they ore now made self-acting. In winding the 
eop each successive layer of thread is bo regulated that a conical form is given to each end of the 
finished cop, in order to prevent the thread from getting loosened upon it at the ends in subsequent 
handling ; while at the same time the crossing of the thread in the alternate spiral layers gives 
firmness to the cop, and still allows the thread to be afterwards drawu off it, when required for 
use, either by slipping off the end as in a shuttle, or by unwinding the cop on a spindle. In tho 
spinning jenny this shape of cop was obtaiued by regulating the winding of tho thread by means 
of the cord It acting upon the discs P P, raising and lowering the fuller wire O during the wiuding 
•o as to guide the thread upon the spindle os required for producing the desired shape of cop. Tho 
same shape of cop and mode of guiding the thread on are still adhered to in the preseut spinning 
machines ; but the whole of the movements are now effected entirely by self-acting machinery. 

Further improvements in the preparatory processes of carding and roving were introduced by 
Arkwright in 1775, which may be said to include tho principal features contained in the carding 
and roving machines now used. The cotton delivered from the preliminary machine was formed 
into a roll or lap, for supplying a continuous fleece of cotton to the carding cylinders, the carding 
operation being repeated until the irregular mass of fibres in the raw material had been combed 
straight and laid parallel in the fleece of cotton with a sufficient degree of uniformity to allow of 
proceeding to the subsequent operations. Comb-plates worked backwards and forwards by cranks 
were also added for combing off the cotton in a continuous fleece from the doffer or taking-off 
cylinder of each of the carding machines. The sliver delivered from the lust carding process was 
{Hissed between a pair of rollers for the purpose of consolidating it by the pressure of the rollers 
after the loosening action of the doffing comb-plate ; and it was then coiled down into a can. 

Tho doubling and drawing process employed at this stage of the manufacture was also intro- 
duced by Arkwright at the feme time, the object being to iutermiugle the fibres more completely 
in the sliver, aud thereby render it more uniform in quality, ready for twisting into a roving. For 
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this purpose two or generally more of the slivers from the carding engine ere passed side by side 
through n serioe of pairs of drawing rollers, each pair in sucoe«uon being made to run faster than 
the preceding ; and 
the lost pair of rollers 
runs os monv times 
foster than t he first 
pair os there arc 
slivers doubled to- 
gether, so that the 
single combined sli- 
ver delivered from the 
rollers is drawn down 
to the same size or 
weight a foot as one 
of the original slivers. 

The doubling and 
drawing operation is 
usually repeated 
three timet, and tho 
ultimate sliver so pre- 
pared is then ready 
for the roving frame, * 
in which it is again s 
drawn and twisted 
and wound upon a 
bobbin. 

In tho roving 
frame Arkwright now 
effected an important 
advance upon nia pre- 
vious machine, hy in- 
troducing tho new 
principle, which has 
sineo hoen adhered to, 
of driving the bobbin 
and the spindle inde- 
pendently hy separate motions, 
instead of letting tho bobbin l>o 
si niplv dragged round by tho thread. 

A t the same time he nlso introduced - 
the conical regulating dram, for re- w 
during the mjmmhI of the bobbin in 
proportion as its diameter was in- 
creased by the thickness of the coils 
of roving wound uj>on it, so as to 
avoid increasing the tension upon 
the roving, as would bo the case if 
the speed of the bobbin were uni- 
form, since the spindle and flier are 
driven always at a constant speed. 

This mode of regulating the Hj*eed 
of tho bobbin by a conical drum is 
the samo that is still employed in 
the modern machinery, with modi- 
fications only in the mode of ap- 
plication. 

Opaiing . — The first process in 
the nrc{>aratioii of the raw cotton • 
was known as widowing, and t<*>k 
its namo from the willow switches 
formerly used for heating or opening 
the tufts of cotton hy hand. A 
number of small parallel cords wore 
stretched tight and close together 
on a horizontal frame, so as to form 
a sort of table, upon which the cotton 
to be opened was laid; and the 
cotton f»eing then beaten with 
•witches made of willow rods kept 
smooth for the purpose, tho film's 
of the cotton remained on the cords, 
whilst the sand and seeds fell 
through lietween. Some of tho best descriptions of sea-island cotton nre still lotted in this 
wav, for the finest counts of yarn. Several attempts were made to work the willow-boaters by 
machinery, but they have all been superseded by ojaming and scutching machines on the modern 
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principle, having revolving: cylinders to net as l>eaters. The most primitive of these is known as 
the Oldham Willow, and has a revolving cylinder about 30 in. diameter, set with spikes placed in 
parallel rows, and revolving against a grid of bars set with similar spikes ; the cotton is fed 
upon the grid, and beaten for a longer or shorter time, according to its condition, and an exhaust- 
ing fan is employed for taking away the sand and bits of dried leaves beaten out. This machine 
is now used only for separating haul lumps of cotton in kales (tacked too tightly, aud for cleaning 
cotton waste and the refute cast out by other cleaning machines. 

Fig. 2174 shows a section of the Cotton Opener in use at the present time for the purpose of 
opening out the fibres of the cotton after it has been pressed in the bales, and for extracting the 
sand, dried leaves, and other impurities imported with it, the object being to do this without entan- 
gling or injuring the fibre. The crude cotton from the bnlcs is spread by hand npon tho endless 
travelling lattice A, which conveys it underneath the iron guide-roller B with longitudinal ribs on 
its surface to the pair of fluted feed-rollers C. These are pressed together by the weighted lever 
1>, aud deliver tho cotton to the nicker-cylinder K, set with twelve rows of teeth, which are spaced 
so that the teeth follow one another spirally round the cylinder, as shown in the plan, Fig. 2175. 
The tufts of cotton being gripped tight between the rollers 0 are caught by the tips of the teeth 
on tho cylinder revolving in the direction of tho arrow, and are thus torn open and dashed by tho 
teeth against the circular grid F, formed of angular Iter* set with spaces between them, which 
allow tho dirt disengaged by the beating action to fall ttirough. A perforated plate (i forms the 
remainder of the casing of the cylinder on tho under-«ido, allowing the dust to drop through while 
tho cotton passes over it. The picker-cylinder delivers the cotton against the teeth of the beater 
II, which has four rows of teeth, similar hi those on the picker E. Here tho cotton is further 
beaten ami passed over a circular grid and perforated plate; and the beater-cylinders being 
covered in at the top by a sheet-iron casing, the current of air produced by their revolution wafts 
the light fierce of cotton forwards over the straight grid J. It is whilst tho cotton is thus floating 
in the air that the heavier impurities, loosened by the beaters, drop out and fall through the grid 
J iuto the dust-box. The cotton then passes between the two wire-gauze cylinders K, which 
serve ns fine sieves, the interior of the cylinders Icing exhausted by the fan L ; by this means tho 
more minute particles of dust remaining in the cotton are sifted out, and discharged by the fan 
through the aperture M, thereby keeping the rooms where the machines are at work perfectly free 
from dust. There is thus a continual deposit of impurities taking place throughout the whole 
passage of the cotton through the machine, from the feed-rollers 0 to tho wire cylinders K. In 
the drawing, only two beater-cylinders E and II an? shown ; but tho machines are more generally 
made with four cylinders, for cleansing the cotton more effectually, the two additional beaters 
being provided with four rows of teeth, the mine as the second cylinder II. From the wire cylin- 
ders the loose cotton is collected again and consolidated into a fleece by the fluted stripping 
rollers I, running close to the cylinders K, but not touching; and tbeoe deliver it to the travelling 
lattice N, which discharges it ready to be taken to the next process of scutching, a lap mnehino 
being sometimes attached, so as to form the fleece into a lap or roll for supplying the scutcher. 
The beater-cylinders E and H run at about 10O0 revolutions a minute; the feeding lattice A 
travels at 0 ft. n minute, which is also the surface speed of the feed-rollers C; and tho sur- 
face speed of the wiro cylinders K, the stripping rollers I, and the delivery lattice N, is GO ft. 
a minute. 

Scutching . — The Scutching Machine now in use for further beating and cleansing the cotton 
delivered from the opener is shown in Fig. 217G, having also combined with it the Lap Machino 
for forming the fleece of cotton delivered from the scutcher into a roll or lap. The cotton from the 
opener is supplied to the scutcher upon the travelling feeding lattice A, and in order to produce a 
uniform fleece for the further processes, it is necessary at this stage to regulate tho quantity fed 
into tho acuteber, which is effected in two wavs. In feeding by haud tho tedious method of 
weighing the cotton supplied hus to be resorted to, so as to distribute a uniform weight of cotton 
over each foot of length of the feeding lattice, which together with the feed-rollers C is driven at 
a uniform speed. But in the improved mode of feeding by la(is B, supplied from a lap machine in 
connection with the opener, the top feed-roller is allowed to rise and fall, according to the varia- 
tions in the thickness of cotton fod in, and the amount of its vertical movement multiplied by 
means of levers is employed to regulate by a self-acting arrangement the speed at which the 
feeding lattice and rollers are driven. By tfiis means an almost uniform supply of cotton is fed to 
the beater H, which is composed of three plain bars, as shown in the plan. Fig. 2177, and is driven 
at about 1250 revolutions a minute. The cotton is txnten, as before, against the circular grid F 
and perforated plate 6, and the current of air from the beater wafts it forwards over the straight 
grid J to the wire cylinders K, exhausted by the fan L, the action being exactly the same as in 
the opening machine. The rollers I, which strip the dust-cylinders, deliver the fleece to a set of 
four callcnder rollers O, placed over one another, so that the cotton in passing through them 
receives three compressions, which consolidate it into a kind of felt ; the surfaces of the callender 
rollers are kept clean by rubbers of iron covered with flannel, which are pressed in contact with 
hem. 

The Lap Machine, for coiling the fleece into a roll or lap, has two fluted driving rollers P P 
running in the Bamo direction, as shown by the arrow*; ami the lap, resting in the channel 
be t w e e n them, is driven by contact, and wound upon the iron rod It, guided in a vertical groove 
at each end. For tightening and closing the coils of the lap, the rod R was weighted in the former 
machines by a heavy weight suspended from the ends of the rod, and it was then necessary to lift 
the whole of this weight at each time of changing the lap; but this is now effected by tho frictinu 
brake 8 pressing against a friction wheel on the shaft T, on which are pinions gearing into thn 
vertical racks U, and these racks carry rollers at the top, bearing down upon the ends of the rod R 
in the lap. By this means, as each successive coil is wound upon the lap, the brake S slips aud 
allows the lap to rise ; and when tho Up is completed, the brake is released by a treadle, and the 
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rocks are lifted clear by the hand-wheel on the shaft T, so as to allow the finished lap to be 
removed. The driving pinion V, from which the callender rollers O receive their motion, is held 
up in gear by the lever W supjiortcd by a catch ; and when tho lap is finished this catch is 

released by a tap|x*t ujmn 

the pinion X, which is ri a 

driven from tho bottom K J * 

callender roller, the speed . .JL £ 

of tho pinion being so re- 2 

duetd that one revolution i J ^ 

of it corresponds to the size i — — ^ -■ * \ 

of lap required to be made. j »| \ 

The catch being released llU \ 

allows the driving piniou ] a N * 1 

V to fall out of gear, where- ^ »P T I 

by the callender rollers O I - — ± ft, p-—— jj s' 

are stopped ; and the lap- r § f 

rollers 1* continuing to re- J t— j l 

volve, break off the fleece, ti I fffl At 

ready for removing tho S, * — 1 ^ 

finished lap from the ina- r i*. -L 1 !&n[j 

chine. By cluinging the I 

pinion X, carrying the tap- I f I \ 

not, tho size of lap rnado | I [I f B\ 

by tbo machine can be fcl 2 &=! f ; U I 

varied as desired. J 4 | 1 JJ I 

The scutcher shown w t 

in Fig. 217t» is a singlo «p" ■ ; y-J — •" 

machine, and it is usual [I “ '« j \f 

to jsiss the cotton first j / 

through a double scutcher W[ 1 ($1 1 : J 

of similar construction, but j V- 

Itaving a second set of feed- VlJK^ifc ikl 

rollers with beater and TTxSi 

wire cylinders, running at a higher / V 

speed :'the second pair of wire cylinders / Vgj v X ' ' ' “* 

and stripping rollers are driven three | V\ 

times as fnst as tho first pair, so that V i 

they deliver a fleece of one third tho \ // •_ t [ --fr l\ j !' ! 

thickness first supplied to the machine. • f\ \ ! ij • 

Three of the laps from this doublo ~ 0; i! j 

scutcher are then fed into tho singlo Mm I: y 

scutcher shown in the drawing, as at / i i ^ 

BBB, Fig. 2176, being spread upon / /j 3/4 . '' iV 

the surface of the feeding lattice A in .y in fi f c£ 4^ 

three layers on tho tep of one another, ^ (1 i r '''x[Q>tfT 

so ns to present to the feed-rollers a ' "Iff \V »/ 

uniform fleece equal in thickness to that 
fed into the first scutcher. By thus 

doubling the laps the fibres are more llff ^s\ ; j 

thoroughly mixed, and the fleece is / j 
thereby made more uniform in thick- Uf^ \ 11 • 

Scutching machines having a re- \Vv ~ 

volving beater, composeil of two plain jOjilA o~ 

Isirs describing a circle of about 14 in. ft' : 

diameter, were introduceil alxuit 1810; Jr -'l : : 1:\ j 

nnd these machines contained also a /^fsj {jj j 

travelling feed-lattice, two pairs of feed- -^s . a pyj£7~\ ^'rp." '■ 

rollers, and a second travelling lattice O. ] [. J - ‘ 

for conveying tho beaten cotton under- -t a ! J 

neatli a perforated revolving evliuder, I ^ 0 *^ » - > 


the interior of which was exhausted ''\'C ^ I? - 

by a fan. Tho cotton passing through K £‘. yi T$* 

this machine was delivered in a loose rT" " & •' 5 ^ 

fleece, and a few years later a lap ma- / .**'m*3 j 

chine was add<«l for coiling the fleeoo X. \ , - • j / --'ll ) 

into a lap. Other improvements havo v ^-sfc\ ^ / ft Jkr ® 

gradually been introduced up to tho f'-l 

present time, as ivgards both design | Tr 

and workmanship; tho cylinders and y 

beaters have been put in perfect 

lialance so ns to revolve steadily at the high speed required, and the fdrms of teeth on the cylinders 
have been arranged for greater strength and greater facility of construction ; stronger and simpler 
glaring Iih* been employed, improvemmts havo been made in the form and construction of tho 

Ixarings of the beaters und otiicr quick revolving shafts, so as to ensure more efficient lubrication, 
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and air-tight dust boxen have been added with movable doom for facility of cleaning ; aud the 
self-acting arrangements have been introduced for stopping the machine when a given length of 
fleece ha* been delivered, and for regulating the rate of feed according to the thickness of the 
cotton supplied, mo as to dispense with the previous plan of weighing the cotton in feeding. 
Thus by successive improvements through a long series of years the difficulties which originally 
presented themselves in the successful adaptation of machinery to cotton cleaning have been 
overcome. 

Girding , — In the carding process the felted fleece delivered by the lap machine of the scutcher, 
with its fibres crossed in all directions, is combed out a great number of times so as to straighten 
the fibres; and the light impurities still adhering to it are taken out, such as short films and bits 
of the moss-like covering of the seeds, which if allowed to remain in the sliver produced by this 
operation would givo a roughness to the yam. For making coarse yam* one carding process only 
is employed ; but for finer yarns the fleece is first passed through a breaker carding engine, which 
performs tho find rough carding, and the slivers delivered by this are then doubled by laying 
together a large numl>er of slivers, side by side and overlapping one another, into a new fleece, so 
as to obtain sufficient thickness and breadth of material to allow of a further carding; and the 
lap fanned of this new fleece is then fed into a second or finisher carding engine. As many ns 
ninety-six slivers from the breaker can], each drawn out of a separate can, are laid together by tho 
doubling machine into a single fleece far the supply of the finisher, in order that the mixing of the 
cotton may bo mom thoroughly effected, and more perfect uuiformity ensured in the sliver delivered 
by the finisher. For the finest qualities of yam tiie finisher card is itself used os a breaker, and 
the sliver delivered by it is afterwards coinbed by a combing machine. 

The Roller and Clearer Carding Mncliino employed at tho present time as a breaker card for 
performing the first carding of the fleece is shown in section in Fig. 2178, and consists of a main 
carding cylinder A, round which are arranged a scries of pairs of carding rollers or workers B B 
and clearing rollers or strippers C C. The surfaces of all these are covered with cards, and they are 
made to revolve so close together as to allow the tips of the card teeth just to clear one another. Tho 
cards are a kind of wire brush with inclined teeth, as shown full size in Fig. 21 79, aud are made 
of staples D of fine steel or iron wire, each about | in. long and ^ in. wide, with a side bend in the 
middle of their length. These are fixed close together into a strip of webbing about 1} in. wide, 
which is wound tight round the cylindrical rollers in a continuous spiral, keeping the staples 
pressed home in the cloth by the surface of the cylinder, so that they have an elastic firmness which 
keeps their punts up to the wurk. 

The working width of the machine is about 40 in. on the card teeth, corresponding with the 
breadth of the fleece in the lap E by whieli the carding engine is fed. The unlapping of the fleece 
is performed by the rollers F on which the lap rests, and the fleece is then drawn forwards under 
the feed-roller G, and delivered to the taker-in roller H revolving in the direction of the arrow. At 
this point tho carding or combing action commences, the fleece being held by tho feed-roller G 
travelling at the slow speed of only about | ft. of surface a minute, while the taker-in H runs much 
faster, at about 800 ft. a minute surface speed ; and the carding teeth on the taker-in bciug bent 
forwards in the direction of motion, the points of the teeth strike down into the fleece held by tho 
feed-roller, and comb out tho fibres, while the impurities ttptMtted fall to the grouud. The fibruus 
tufts of cotton are carried round on the under-side of the taker-in to the main carding cylinder A, 
which revolves in the same surface direction with a speed of about 1600 ft. a minute. The teeth 
of the curding cylinder being bent forwards in the direction of motion swoop off the cotton from the 
taker-in teeth inclined in the same direction but runuing at only half the speed, and carry it for- 
wards to the dirt-roller J, the teeth of which face those of the carding cylinder, and travel with a 
very slow motion of only about 16 ft. a minute. The dirt-roller thus assists in combing out the 
fibres, and holds in the interstice* of its wires any impurities that it receives from the cotton, which 
are carried forwards and stripped from it by a vibrating comb, so that they accumulate in a roll on 
the upper surface of the dirt-roller, to be taken away by hand at intervals. 

The carding cylinder then carries the cotton forwards to the several pairs of workers and 
strippem, one of wiiich is shown to a larger scale in Fig. 2180; and at each pair in succession the 
fibres undergo ft further combing out and straightening. The motion of the teeth of all these pairs 
of rollers is in the same direction as that of the adjacent teeth on the main carding cylinder, as 
shown by the arrows in Fig. 2180, but at a much slower speed ; and the teeth of the strippers C 
are inclined forwards in the direction of motion, while those of the workers B arc set the opposite 
way so as to present the points of the teeth facing those on the carding cylinder A. The cotton on 
the carding cylinder is therefore carried past the stripper 0 without being caught by its teeth, and 
is caught upon tho teeth of tho worker B running at only about 20 ft. a minute, so that a combing 
action for straightening the fibres and dividing the tufts of cotton is obtained by the excess of speed 
in the carding cylinder running at the high velocity of 1600 ft. a minute. All fibres failing to pass 
the worker B arc carried round upon its teeth to the stripper C, which runs at a surface speed of ubout 
400 ft. a minute, being thus intermediate in speed between the slow worker B and the quick carding 
cylinder A ; tho teeth of the stripper therefore sweep off the ootton from the worker, and are them- 
selves stripped in the same way by the carding cylinder running at the higher speed. After 
passing the six pairs of workers and strippers, tho fleece of straightened fibres is taken off in a 
continuous sheet from the carding cylinder A by the doffer K. the teeth of which face those of the 
cylinder and move in the tame direction but at a much slower speed of only about 65 ft. a minute; 
the fleece thus receives a further straightening and stretching in quitting the carding cylinder, and 
is carried round on the under-side of the doffer to the vibrating comb I, which describes a short arc 
of 1] in. vertical motion and is driven by balanced cranks at about 800 double vibrations a minute. 
This comb strips the fleece frem the face of the doffer in its down-stroke and clears itself in rising ; 
and the thin fleece, of the full width of the machine, 40 in., is then gathered in by lateral guides 
to a width of 6 in., and finally into a smooth bell-mouthed round funnel L, having a hole only £ in. 
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diameter, through which the contracted ribbon or sliver is drawn by the two pairs of drawing 
rollers M, the second pair running one-half faster than the first, whence it passes to the coder N 
and can O. 

The coder consists of a revolving plate N having an eccentric aperture, through which the 



sliver is passed from the pair of rollers P above the plate, so that it is delivered into the can in 
circular coils. The can O, however, is also made to revolve with a slow motion in the opposite 
direction hi the coder, and the centre line of the coder N is eccentric to the axis of the can, whereby 
the sliver deliveml from the coder desrriltes a succession of hypocvcloid curves in the can, the 
circles of sliver being laid into the cau so that the outsides of the coils touch the iusidc of the can. 
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The sliver thus forma coils continually crossing one another, »o that tho can is filled up solid 
throughout, and when taken to tho doubling framo the coils of sliver como out again without ad- 
hering to one another. 

The Flat Canting Machine employed at the present time as a finisher can! for performing tho 
second carding operation is shown in Fig. 2181 ; and consists of a main carding cylinder A, as in 
tho breaker card, but the [tain of workers and strippers employed in the first carding are hero rc- 


E laced by a series of flat cards D D, connected together by links so as to form an endless travelling 
ittice. The lap E, formed of a number of slivers from the breaker card laid together into a fleece 
by the doubling machine, is supplied to the carding cylinder A by the feed-roller G and taker-in EL 
in the same way as in the breaker card : aud the carding cylinder A is driven at the same speed 
of about 1000 ft. of surface a minute. A single worker B, called the fancy roller, with a stripper C, 
is placed immediately beyond the taker-in H, running in the same direction as the adjacent surface 
of the carding cylinder A ; but in this case the teeth of tho fancy roller B are bent forwards in the 
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direction of motion, and it therefore requires to be driven at a higher velocity than' the carding 
cylinder, and has accordingly a surface speed of 2000 ft. a minute. It thus seizes the cotton from 
off the t»M?th of the main ciu-ding cylinder A, and throws it against the teeth of the stripper C 
facing those of the fancy roller; and the fibres having thus been subjected to a preliminary carding 
are again swept off the teeth of the stripper, moving at only 400 fL a minute, by the higher speed 
of the main canting cylinder A. 



The cotton is then carried forwards by the carding cylinder to the series of flat cards D D, 
2182, which arc made of cast-iron bare faced with card teeth, as shown to a larger scale in 
Figs. 2183, 2184 ; these extend the entire width of the machine, and rest at each end upon a ctr- 
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cular gnido on the top of tho aide frames of the machine, which is concentric with the mnin carding 
cylinder A, so that the teeth of the tints are kept in close proximity to the teeth of the carding 
cylinder during the whole of tlioir forward traverso. The tooth of the tints D are sot to face those 
of the carding cylinder A, and travel forwards in tho same direction as the surface of the cylinder, 
but at a very slow rate of only 1 in. a minute : ami the cotton thus undergoes a very thorough carding 
anti straightening in passing tho twenty-ouo cards that are always in contact with the top of the 
carding cylinder. The flats are arranged to work at a slight inclination to the surface of the card- 
ing cylinder, so that tho delivering side of each flat is closer to the cylinder, and a wider space is 
left at tho entering side between tho flat and tho cylinder for tho cotton to enter, as shown half 
full size in Fig. 2184. The angle thus formed is called the bevel of the flat, and the correct ad- 
justment of this inclination is a j»int of great importance and delicacy ; tho bevel is obtained by 
cutting a bevel groove Q in each end of the flat at the part whero it is to r«$t upon tho circular 
guide on each side of the machine, as shown enlarged in Figs. 2183, 2184, whero the dotted circle 
X X represents the edge of the guide on which tho flat travels, and the dotted circle Y Y indicates 
the surface of the main carding cylinder A. 

Tho endless lattice of flats D D is carried over tho three shafts P P P, and on quitting the 
canting cylinder A, each flat in turn is stripped of any fibres or impurities adhering to it by the 
vibrating comb R, which describes an are of 1 in., and is driven at the rate of forty double strokes 
a minute by the cam 8, Fig. 2185. The flats arc further cleaned by the brush T, shown in plan in 
Fig. 2186, running at a snrfnce speed of 50 ft. a minute; and they arc then passed over a guide U, 
which bolds them up against an emery wheel V, running at the high speed of 550 ft. a minute, 
and traversing across tho machine along the length of the flats, whereby the fares of all the cards 
are successively ground to a true surface whilst at work, and tho points of the wires sharpened. 
The same mode of grinding is also employed for keeping true the surfaces of the carding cylinder 
and doffer. The fleece of straightened fibres is taken off in a continuous sheet fnotn the carding 
cylinder by the doffer K and vibrating comb I, and is contracted into a sliver and ooiled down into 
the can O in the same manner as previously described. 

The stripping by hand labour, however, was an unhealthy and a disagreeable process; and 
bad work and spoiled cotton were tho consequences whenever it was not done regularly and 
thoroughly. Many arrangements have been introduced from time to time for stripping the flats 
mechanically. Within the last few years a simple mechanism for this work has been introduced 
by Mr: Wellman, an American, the application of which has received a great stimulus from the 
difficulty of obtaining men to perform the strippiug by hand; and it is now extensively used. 
Metal flats were introduced by Smith, of Deans ton, and these were linked together in the form of 
an endless lattice, which was made to travel slowly forwards over the carding cylinder; and each 
flat was adjusted to the proper bevel by two screws at each end, which travelled over two circular 
guides concentric with tne carding cylinder. Another short flat guido at the back of the flats 
brought them into contact with a stripping brush, which was cleaned by a comb, and the comb 
teeth were scraped clear by a tin knife. Those flats were used in several of the Scotch mills, but 
few of them were introduced into Lancashire. The flat carding machine was further improv'd by 
Mr. Evan Leigh, by cutting tho bevel on the ends of tho flats, as shown at QQ, Fig. 2183, and 
making the circular guides over which they travel adjustable for wear; at the same time a second 
face was formed ou the back of tho flats, to work over tho guides U, Fig. 2182, which hold them 
up in the right position for being ground by the emery wheel V; and the vibrating oomb R was 
also added for stripping the flats before they arc finally cleaned by the brush T, instead of the 
brush alone being used for the purpose. 

The finisher carding machine until recently was constructed, without the taker-in roller H, 
Fig. 2181, the main cylinder taking tho fleece direct from the feeding roller G. This caused the 
fibres to clog the cards, and any impurities passing the feed-roller damaged the teeth of tho main 
cylinder, which was of serious importance on the large extent of surface of the cylinder. By using 
the taker-in, however, these evils are prevented, the fibres being delivered to the carding cylinder 
in a more divided state, and more equally distributed over its surface. Carding machines are also 
sometimes made, which are a combination of the breaker and finisher card, having rollers and 
cleavers on the side of the cylinder next tho feeder, and flats on the side next the doffer. 

The practical difficulty originally experienced with the carding engine consisted in getting 
the cards to work sufficiently near to one another without occasionally coming in contact, which 
destroyed the carding points. The surfaces on which the curds were fixed were generally con- 
structed of wood, and therefore varied with every change of the atmosphere from the shrinking or 
swelling of the wood, so that the faces of the cards Wl to be made true each time by grinding 
down the points of the wires at the full ports. Moreover, the cylinders and rollers were not care- 
fully constructed so as to run with a steady motion ; and the fixings for carrying the different 
journals were not capable of a fine adjustment, nor were they steady alter being set These defects 
are now overcome by using iron instead of wood, and by the aid of machinery and tools adapted 
for making all the parts accurately; fine adjustments are provided, and the adjustable portions 
are made as firm when set as if fixed. These improvements cause lees grinding and stripping to 
bo required, as the finer ami truer the points of tne wires can bo maintained, the clearer the cards 
continue in working. 

Itrawintf . — Tho slivers from the finisher card are next taken to the Drawing Frame, shown in 
section in Fig. 2187, which contains generally four pairs of drawing rollers A, each pair running 
faster than the preceding, and the front pair running at six times the surface speed of the back 
pair. Six slivers B in separate cans from the carding engine are fed up together to tho back pair 
of drawing rollers, being combined together by passing between two guide-pins 0; and after being 
laid together and drawn out to aix times the original length, the single sliver so produced is passed 
through a funnel to the pair of oollender rollers D, by which it is delivered to the coder K, and ooiled 
down into the can F in the same manner as in the carding machines. This combined sliver, having 
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been doubled six times and drawn six times, is the same weight a foot as each of the original slims 
fed up to the back pair of rollers ; and the object sought in the doubling and drawing process is to 
equalize the distribution of the cotton fibres and produce slivers of more uniform strength and tex- 
ture by the combination. The process is repeated throe times in this machine, and the extent of 
combination or intermixture obtained in the ultimate slivers is therefore represented by the cubo 
of six, or 2!C times, in comparison with each of the original slivers first supplied to the machine. 

In order to ensure the drawing rollcre being always supplies! with the full number of six slivers, 
each of the slivers fed up to the rollers is passed over a guide O, turning on a centre pin and 
nearly balanced, so as to turn with a slight pressure; and during the working of the machine this 
guide is depressed by the weight of the sliver into the position shown by the full lines. But in 
the event of the sliver breaking or running out, the tail of the guide, being overweighted, drops 
into the position shown by the dotted lines, and catches the vibrating finger J, which is worked by 
an eccentric on the shaft H running at 70 revolutions a minute. This shaft is driven at the end 


am:. 



by a small crown ratchet-clutch, held in gear by a spiral spring behind and driving by the inclined 
faces ; so that whenever the shaft H is stopped by the tail of a guide O catching one of the vibrating 
fingers J and the ratchet is consequently held stationary, the clutch is thrown out of the ratchet 
by the inclination of the teeth, anil the end-motion thus produced releases a catch which holds the 
strap-fork of the machine ; the fork is then reversed by a spring always acting upon it to throw off 
the strap from the ftu»t to the loose pulley, thus stopping the machine. After the sliver run 
out has been renewed or the broken sliver joined up by the attendant, the machine is set in motion 
again by moving the starting rod I, which extends the whole length of the drawing frame. 

The improvements made in the drawing frame since its introduction include, amongst other 
details, the construction of the roller-supports so as to be easily set and adjusted to the different dis- 
tances required to suit the different lengths of cotton fibre worked; the addition of the self-acting 
stop-motion, for stopping the machine when any one of the slivers breaks or runs out; a simpler 
mode of suspending the weights from the top rollers; and the use of an endless travelling cloth 
over the surfaces of the top rollers, as shown in Fig. 2187, for cleaning off the waste or fly from the 
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rollers. The top follow arc also ramie with dead spindles and loose bosses, the bosses being driven 
by independent motions. In drawing frames used to prepare slivers for the liner counts of yam, an 
additional stop-nnpamtus is provided for stopping tlie machine whenever a breakage of the sliver 
occurs between the front pair of drawing rollers and the callendor rollers I), Fig. 2187, or when the 
can F is full or n given length of sliver has been delivered ; this stop-action is worked from tho 
same shaft II as that employed for breakage* of the supply slivers. 

l nt<r initiate, usd J{m>in7 . — The slivers delivered 21 S0- 

from the drawing frame are conveyed to the Blubbing Frame, 

into which they are fed either single or double, passing over ** |p i r 

a guide, like that in the drawing frame, to a set of three 11 

pairs of drawing rollars ; the last pair runs at five times the il T 

•peed of the first, so that the sliver is again increased in / j i V 

length five times in passing through the rollers. From the j L ' 

drawing rollers the sliver, now called dubbing, puses tr> a 11 v 

revolving flier carried mpoa n vortical spindle, by which it is A I J i \ A 

twisted and then wound upon a bobbin revolving loose upon Kv j F J a 

the same spindle. The flier runs nt a constant speed, while k"‘ ] •; ^ 7 / 

the bobbin is driven by means of a differential motion at a \ 1 / if 

speed varying according to its increasing di functor us the // 

slabbing is wound on; and tho lifting movement, for raising jTT If ,J_I J\/ 

and lowering the bobbin npon tho spindle so as to wind on f XlPlI 

tho slabbing in regular coils, is also worked by the same dif- Lf Pjlj 

IV' rent ini motion, Tho IJj [ A 

apwd of the flier i§ 500 rf y — - j l LI1 

revolutions a minute, f f 

ami the slobbing is deli- A \ ff 

vered from the drawing / .. -- y Ny 

rollers at the rate of / 4 // - 

50 ft. a minute, so that / ' y \J/ 

the number of twists put I R._ S 

into it in this machine 1 ^ 

is | twist an inch of / ^ A -^1 \ 

length. \J^ // Jl \ \f 

The bobbins from tho /* t V 

■lubbing frame* are nest ftil ?| r - - I f R Y^“ t 

supplied in pairs to the AX ASlj\ C\ | U — TT \ A 

Intermediate Frame, in (f& CvN f A X bL: \ {[ f 

which the slabbing are [ | ' 3 1 J |~ ~f j|S t 

doubled bypassing two '■ | : II : M [ # JXi ' v -* y* v 

of thorn toy other through c * J ! BJ jl J / 

twisting them 1 into one ‘ J ^ I J {11 if ^ It- — -^3 1| 

by means of a flier, and w * 11 |l I |j | |Y 

winding cm a bobbin in f j|-jL I | I j 

tho same manner as in f \\ j; ; Jl | , 

the clubbing machine. & c jM 40 raF^S*: ll * Pl, j' 'lj| i rH 

In this process, interfile- a >q| wig hL ^ E5£*- J4{ 1: \ J 

diute between the stab- f' / n 3 ' * Jr h r ! tBr I I JL 

bing and roving, the ^3B jU — me: j{ j » \ 

amount of drawing pro- I 

ducMl by the rollers is ) . frj;ii a ! 

five times, and If twists / ! | [| i / *n ! |j 

arc put into the doubled r\ / D _ 6 j? 8 | A - 1 1 

•IttbWng by the flier in 1/ I I 0 i ! » \ ( 


arc put into the doubled C\ / o f i j jj " | A 

dubbing by the flier an / | | ! ;i : if y& mdkb 

inch of length delivered v- | j ^ 11 _Ji J 

from the rollers. 3~ — 1 ^ k J g f 

In the Roving Frame. f] I I ' 

■hown in Fig, 2188, the J L _5r/ 1 1 

contents of two bobbins L ~T\ I I lJ. L- 

A A from the interne- J hi | Jj i ^ '^j 

diato frame are again yS fla Ar Mi S yl 

doubled, drawn, and J | V J 

twisted u before; and a B ' j 

tho «4ton, now called IlD JB N M □ J 

roving, is wound upon 3jl-& '" | 

bobbins ready for being vjg— x ^ 1 u 

finally spun into th^A r ^ ^ > _ 

The extent of drawing in /Seal « 

the Hire© pairs of draw- 0 9 m * *0 ss aoh k * r 

1 'ig rollers B is six times, -f. L - ■ 1 > 1 T..< > t « ! j i > ' T r 1 \ ■ 1 t 1 t 1 1 1 1 ■ ? 1 

?n«! ! mir j UI ?? st a "Hi** 8 P ecd «f ^ ft- a minute ; the flier C is driven at 800 revo- 

!i J 1 m l rmU [- ™ PWta twists an inch feito the roving. The bobbins A A supplying 
Jt 00 S* 1 f° r rovings are fitted upon wood sptxidLtas called skewers, pointed at the lower end 
cro lucy real upon their bearings, which are e hallow oops made of glared earthen ware ; these 
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are found very durable, lasting for twenty yearn before requiring renewal ; but when brass or 
CMt-iron bearings were previously tried they were found to Ik* worn through in ns many months, 
whilst the skewers mode of lanee-wood were but little worn. The spindles D carrying the fliers 
are driven by skew-bevel wheels on the shafts K at the bottom of tiio machine. The bobbins F 
are loose upon the spindles, and are driven by skew-bevel wheels on the shafts G f carried in the 
bobbin-lifter H, which sup|)orts the bobbins and gives them tho vertical movement on the spindles 
I) for winding the roving in uniform coils from top to l>ottom of the bobbins. 

As the winding is effected by the difference of speed between the bobbin and flier, both of which 
revolve in the same direction, the speed of the bobbin may either exceed that of the flier, or the 
converse : and both plans are in use in the present machines. When the bobbin runs in advance of 
the flier, the speed of revolution of the bobbin has to bo gradually diminished as its diameter 
increases by each successive layer of roving wound on ; otherwise the delicate roving would be irre- 
gularly stretched or broken by the relatively increasing surface speed of the bobbin, as the speed 
of the drawing rollers B and the flier C is required to be constant in order that an equal amount of 
twist may be put into the roving throughout its entire length. On the other hand, when the bobbin 
follows the flier, its speed of revolution has to be gradually increased as its diameter increases by 
winding. In either case the vertical reciprocating movement of the bobbin-lifter II has to be gra- 
dually retarded, to allow a longer time for winding each successive layer of roving upon the 
increasing circumference of the bobbin ; and the length of the vertical motion is also diminished at 
each reciprocation, so ns to give the required conical form to the ends of the bobbin, which is effected 
by means of a separate shortening motion. 

The arrangement employed at the present time for obtaining the differential spoed of the bobbin 
and bobbin-lifter in the slabbing, intermediate, and roving frames, is Houldsworth’s Differential 
Motion, shown in Fig. 2189. It consists of three portions, the first of which is driven at a constant 
speed, and drives the spindles and fliers: the second is driven from the first at n speed varying in 
proportion to the increase of diameter of the bobbins; and the third portion, from which the bobbins 
and bobbin-lifter are driven, receives a differential motion compounded of the other two, and there- 
fore also varying with the increasing diameter in winding. The shaft K being driven at a constant 
speed by the driving strap over the pulley L imparts a uniform speed to the spindles and fliers by tho 
pinion M, which is fast ujion the shaft. The pinion N driving the bobbins and bobbin-lifter runs 
loosely upon the shaft, anil is driven through the differential bevel gearing O by the bevel wheel P 
keyed upon the shaft K. The two bevel wheels O O, through which the differential motion is 
obtained, are centred in the disc wheel Q running loots* upon the shaft K. If the disc wheel were 
held stationary, the pinion N would be driven through the wheels 0<) at the same speed as tho 
wheel 1*, but in the contrary direction, and would therefore drive the bobbins at the same speed as 
the spindles ; but if the disc wheel Q were made to revolve upon the shaft K at half the spoed of 
the wheel P, but in the contrary direction, the pinion N driving the bobbins would run at double 
the speed of the wheel P. If therefore tho dine wheel Q Ik* driven at on intermediate speed, and 
this speed lie also made to vary in proportion to the increasing diameter of the bobbins, tho pinion 
N will receive and impart to tho bobbins and bobbin-lifter a differential speed, which also will 
vary in the ratio of the diameter of the bobbins. This object is obtained by driving the disc 
wheel Q through the pair of regulating cones R and 8, which are parallel but reversed eml for end 
in res]K*ct to each other ; the first cone R is driven at a constant spoed direct from the shaft K, and 
drives the second cone 8 through the strap T, which is mode to travel gradually from one end of 
the cones to the other. Hence the disc wheel Q, which is driven by tho second cone 8, runs at a 
varying speed depending upon the position of the strap upon the rones: and by making the strap 
travel along the cones at a rate corresponding with the increasing diameter of the bobbins, tho 
speed of re-volution of the bobbins is accurately proportioned to their diameter so as to give the 
required uniformity in surface speed throughout the winding. The travel of the strap T is effected 
by a rack-motion I and ratchet-wheel «J, Fig. 2188, each vertical reciprocation of the bobbin-lifter 
reloa sing the ratchet-wheel J one tooth, and allowing the strap to be drawn forw ards tho correspond- 
ing distance along the cones It and 8 by tlio weight W constantly acting upon the strap-fork. 

In the case shown in Fig. 2189, it will bo seen that the speed of the first cone R is J that of tho 
driving shaft K ; and the speed of the disc wheel Q is | that of the second cone 8, ana its rotation 
is in the contrary direction ai« 9 . 

to the driving shaft K. Tho 
diameter of the cones being 
<3 in. at the large ends ami 
3} in. nt the small ends, 
w hen tho strap is at the end 
l T , as shown by the dotted 
lines, the ratio of speed of 
tho disc wheel (2 to the 

driving shaft K is £ x 

x | = £ nearly : that is, tho 
disc wheel makes one revo- 
lution for every six rtf the 
driving shaft, and in the con- 
trary direction ; and therefore) the Isthbin-pinion N makes eight revolutions for every six of the 
flier-pinion M. Similarly when the strap is at the end V of the cones, the ratio of speed of the disc 

wheel to the driving shaft K is £ x x 1 = V* uca *ly : that is, the disc wheel makes one re- 
volution for every sixteen of the driving shaft, and in the contrary direction ; and therefore the 
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bobbin-pinion N mokes eighteen revolutions for every sixteen of the flier-pinion M. Hence tho 
ratio of speed of the lxdibin-pitiion to the flier-piuioti is 32 to 24 in the first ciute ami 27 to 24 in 
the second ; nnd the total redaction of speed of the bobbins, whilst the strap travels along tho 
entire :t0 in. length of the cones, is ft, or 16 per cent, of their original speed, which is the range of 
variation required to nllow for the increasing diameter of tho bobbins in winding. 

The differential motion affords the means of obtaining this delicacy of adjustment with a com- 
pact and easily-worked apparatus ; and by virtually magnifying the range of variation required 
avoids the use of cone* with too small a taper for gixxl working. The arrangement shown in 
Fig. 21 SI* is for the case of the bobbin running in od vance of the flier, when the speed of the bobbin 
has to bo reduced as its diameter increase's in winding : nnd the action of the differential motion is 
exactly similar in the converse case of the liobbin following the flier, the only difference l*eing that 
the disc wheel Q must then be made to rotate in the same direction as the driving shaft K, iustead 
of in the contrary direction. As the advance of the driving strap T along the cones is a uniform 
amount at each reciprocation of the bobbin- lifter, the driving cone K require* to be shaped with a 
concave outline and tho driven cone 8 with a corresponding convex outline; since the absolute 
increase made in the diameter of tho liobbin by each successive layer of roving 1>cars a continually 
diminishing ratio to the increasing diameter of the bobbin, requiring tho variation of speed there- 
fore to be effected also in a continually diminishing ratio. 

Houlilsworth’s differential motion requires only a single rack and pinion of uniform pitch, with 
ratchet-wheels of varied pitches for giving motion to the rack-pinion ; so that for a change in the 
fineness of the roving it is only necessary to change the ratchet-wheel, which is readily effected and 
is much more convenient than haring to change the rack. When this form of the differential motion 
was first applied, one cone drum only was used, with counter-pulleys and a weighted pulley for 
keeping the strap tight: but latterly the two cone drums shown in Fig. 2189 have been used 
instead, made with corresponding concave and convex surfaces, so that the strap continues equally 
tight in all positions. 

Spinning . — In the practical working of Arkwright’s Bpinning machine and Hargreaves’ spinning 
jennv, it was found that the rovings and threads produced were both coarse and uneven, only fit 
for the manufacture of quiltings, ami poorly adapted even for that purpose. A great improvement 
in this respect was effected in 1779 by Samuel Crompton’s spinning machine or mule, which was 
a combination of l’aul’s or Arkwright’s spinning machine and Hargreaves’ jennv, combining the 
drawing-roller arrangement in the former with a modification of the sliding croe»-b*ur and spinning 
spindles in tho latter. In this machine tho spindles were placid in a movable carriage, which 
had a stretch or run of about 54 in. ; and the ravings delivered from the drawing rollers in a soft 
state were further drawn by tho spinner in pulling the carriage backwards from tho rollers, and 
completely twisted by the receding spindles, ready for being wound upon the spindles during tho 
run-in or return traverse of the carriage and spindles. In the spinning jenny each successive 
length of tho ravings was held by the clasp on the sliding crasa-Dar, and the stretching of tho 
rovings was dune entirely by drawing back the cross-bar by hand from the spindles; and in 
Arkwright’s machine tho stretching was performed entirely by the rollers; but in Crompton's 
mole the stretching was accomplished partially by the drawing rollers, when the carriage and 
spindles begnn to recede from tho roller-beatn, and partially by tho continued run-out of the car- 
nage after the rollers had been stopped. The rollers were stopped when the carriage had receded 
nearly the length of its run. And they then ach’d as a clasp to hold the threads during the comple- 
tion of the stretching and twisting. 

Crompton’s first mule contained about thirty spindles : and the threads spun by it were far 
superior in regularity, strength, and fineness to any ever spun before. They realized about double 
tho prices obtained in 1743 for the same counts of yam spun by other machines, and must therefore 
have been very superior in quality, having been prodneed much more cheaply ; and in order to 
show what could be done with the mule, small quantities were spun as fine as No. 80, which is 
such a quality of thread that 80 hanks of 840 yards each weigh together 1 lb. The adoption of 
these mules extended so rapidly that in 1811, thirty-two years after the first was made, there were 
GOO mills containing 4,209,000 spindles working on this plan, and only 310,500 spindles on Ark- 
wright’s plan, and 155,900 spindles on the spinning-jenny plan. 

Many of the principal movements, however, in the working of Crompton’s mule still required to 
lie performed by hand by the spinner, the same as in the previous machines. This was the case 
with the Imrking-off motion, and with the working of the two faller wires, a second or counter- 
fallcr having now been added underneath the threads, which was lifted for the piUj>oec of taking 
up the slack in the threads after the backing off, the first faller l»eiiig depressed for guiding tho 
threads upon tho cop# during the winding. The speed of the spindles also required regulating by 
hand during winding, so ns to correspond with the increasing diameter of the cops formed on 
the spindles, and to suit tho ennieal-sbaped ends of tho cops. Great skill was therefore m*ce«sary 
on the |wrt of the spinner, in order to make the cops regular in shape, size, and hardness, suitable 
for transport and for l>eing uncoiled without waste. To sujH-raedo this skilled labour and render 
the mule self-acting was therefore the great aim in the subsequent improvements. 

In 1818 the entire operation of winding up the spun threads into cops on tho spindle was 
rendered altogether self-acting by William Eaton. This involved both a self-acting method of 
ljorforming the backing off, which has to be done at the conclusion of the twisting of each stretch, 
before tho winding begins; and also a self-acting arrangement in connection with tho faller wire, 
for guiding the threads regularly ujxin the coins during the winding, and a self-acting contrivance 
for regulating the speed of the spindles according to the increasing size of the cope. 

The arrangement of Eaton’* Hacking-Off Motion is shown in Figs. 2190,2191. The main shaft 
or rim shaft A, from which the driving motion of the spindles in the travelling carriage is derived, 
is itself driven in the forward direction during the twisting, ami again during the winding, by the 
driving strap miming on the fast pulley 11, as shown by the dotted Hues in Fig. 2191. The loose 
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pulley C communicates a alow motion through intermediate pinions to the wheel D revolving loose 
upon the shaft A, hut in the contrary direction ; and at the other end of the shaft A is a corns 
sponding wheel £ fast upon the shaft. The two toothed sectors F F are keyed upon a shaft G, 
which is carried in the rocking frame H ; and the weight K on the rocking frame is constantly 
acting to draw the sectors hack, 
out of gear with the wheels D and 
E; while tho sectors themselves 
are only partly counterbalanced 
by tho second weight L, and are 
ready to fall down into gear with 
the wheels as soon as tho catch I, 
by which they are held up out of 
gear, is released. When the 
twisting of the threads is com- 
pleted, the driving strap is shifted 
to the loose pulley C, and the for- 
ward motion remaining in the 
shaft A is arrested by a friction 
brake carrying a ratchet-wheel, 
which is caught by a hook falling 
into gear at the moment of revers- 
ing the strap. The pull upon this 
hook extends a spiral spriug, the 
recoil of which is made to release 
the catch I ; and the sectors F 
falling into gear with the wheels 
I) and E, a backward motion is 
then communicated to tho shaft 
A from the loose pulley C running 
forwards, whereby the spindles are 
made to turn backwards through 
the few revolutions necessary for 
backing off tho spiral coils of 
thread at tho top of tho spindles, 
preparatory to winding. As the 
form of cop employed was a 
simple cone, increasing in height 
nt the same time as in diameter, 
os shown in Fig. 2192. the length 
of the spiral coils that require 
(lacking off nt the top of tho 
spindles becomes less with the 
increasing height of the cops on 
the epinales, and the number of backward turnB in the backing off has therefore to be gradually 
diminished as the cops approach completion ; this is effected by an adjustable stop underneath the 
sectors F, which is gradually elevated in proportion to the increasing height of the cops. This 
stop is connected with a lever catching against a stud at the lower extremity of the nrm H of the 
rocking frame ; and the downward movement of the sectors F. while in gear with the wheels D 
and E, depresses the stop until at length the arm II is liberated ; the weight K then withdraws 
the sectors out of gear, whereby tho backward motion of the shaft A is stopped. By then shifting 
the driving strap to the fast pulley B, the shaft A is again driven in the forward direction, and the 
threads previously spun are wound up on the spindles os the carriage runs inwards. Tho pin J 
fixed upon the carriage, traveling inwards in the direction of the arrow, now aoines in contact with 
the tail of the lever M, and lifts tho sectors up again into their highest position, in which they are 
retained as before by the catch I at the other end of the lever M ; and when the ruu-iu of the 
carriage is marly completed, tho same pin J comes in contact with the tail of a second lever N, 
bearing against the extremity of the arm II of tho recking frame, whereby the sectors ore thrown 
forwards again in readiness for the next time of backing off. 

Baton's Faller Motion is shown in Fig. 211*2, and was almost identical with that in nse nt tho 
present time, the difference being that the faller wire A was depressed by a weight B, instead of, 
as in the present mules, by a chain |«saing round a pulley upon the faller shaft 0. The direction 
of tho run-in of the carriage 1) carrying the spindles and cons E is shown by tho arrows ; and 
during the run-out in the opposite direction the weight B is held up in the position shown, by the 
catch F holding the tail of the lever G. This catch is withdrawn by the downward movement of 
the sectors in the backing-off motion, and the weight B then brings the front end of the lever G 
down upon an arm on the front side of the faller shaft C, depressing the faller wire A upon the 
threads II. The roller I, carried U)>on an nrm on the back of the faller shaft, is thus brought up 
against tho pin J fixed in the parallel-motion bar K, and is locked by the latch L; so that by 
the vertical movement of the bar K the faller wire A is raised and lowered during the winding of 
the threads, for guiding them upon the ©ops from cud to end. Tho reciprocation of the bar K is 
obtained by its bottom end resting upon the abucr fusee or long tapered cam M, which is driven 
by the pinion N from the toothed wheel O travelling along a rack P fixed upon the floor. As soon 
as the carriage has begun to run in, the weight B is lifted off the faller mul raised again to its 
original position by the tail B of the lever corning in contact with a fixed stop 8. When the 
carriage arrives at the end of its run-in, the sliding licit T coining against a fixed slop pushes 
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Imck tho latch L, and unlocks the roller I : and a Iwlaneo weight upon the hack of the falter shaft 
C raises the faller wire A clear off tho threads into tho extreme position shown by tho dotted lines. 
For regulating the shape of the cop as its size increases, the shaper fusee M is gradually traversed 
endways along its shaft N by the rack and pinion U driven by a worm wheel from the* ratchet V, 
which is turned round one tooth at a time by the lever W coming against a stop X fixed on tho 
floor at each end of the run of the carriago. 



Further improvements were 2102 . 

introduced by Maurice de Jongh, ~ 

the hacking -off motion being 
driven by a rack instead of by 
sectors ; and with the backing off 
was combined the process of put- 
ting down the faller wire to tho 
required part of tho cops for tho 
commencement of tho winding. 

The working of the faller for 
guiding the threads during wind- 
ing was effected by an arm on the 
back of the faller shaft, carrying 
a roller, which travelled along a 
template or copping rail extend- 
ing the whole length of the stretch. 

The upper edge of this copping 
rail was shaped according to the 
form of cop required, and the 
entire rail was gradually lowered 
by a regulating screw at each end 
as tho oop was built up. Tho 
winding of tho threads on the 
oops was done by employing a 
slack strap or friction strap for 
driving the main shaft or rim 
shaft of the mule, during the 
run-in of the carriage; and this 
strap was tightened by a weight 
and two friction pulleys pressing 
against it, the weight being ad- 
justed so as to make the strap 
drive or slip as required for keep- 
ing the threads in proper tension. 

Richard Roberts’ Self-Acting 
Mule is the form of self-acting 
mule almost universally employed 
at tho present tinio for spinning 
cotton. In this mule the faller 
wire was for tho first time put 
down by the agency of the rim 
shaft, or main driving shaft of the machine, during the time that the shaft is turning the reverse 
way for backing off. 

Tho arrangement of Fallor-Wire Motion, ns employed in the present spinning mules, is shown 
in Figs. 2193 to 2196. A is the top-fallcr arm, which is made of the sickle shape shown in the 
drawing for the purpose of enabling it to put down the faller wire to tho bottom of the cops .1, 
without the arm itself being required to |ioa# down between the cops, so as to save mom in the 
length of the mule. On tho front of the faller shaft I is keyed the sector 0, and a chain D attached 


length of the mule. On tho front of the faller shaft I is keyed the sector 0, and a chain D attached 
to the sector passes round tho pulley E to a snail F upon the shaft of the tin roller, which is a long 
hollow cylinder made of tin, and driving by separate cords the whole row of spindles T. The 
snail F is geared to the tin roller by a ratchet-clutch, with the teeth set so os to engage onlv when 
the tin roller is driven the reverse wav for backing off, as shown by the arrow in Fig. 2194. Whilst 


snail F is geared to the tin roller by a ratchet-clutch, with the teeth set so os to engage onlv when 
the tin roller is driven the reverse wav for backing off, as shown by the arrow in Fig. 2194. Whilst 
the tin roller is running forwards during the spinning, and again during the winding, iu the 
direction shown bv tho arrow in Fig. 2193, the snail F is not in action; but ns soon as the 
carriage G of the mule lias run out to the end of the stretch, as shown in Fig. 2194. the tin roller 
is turned through part of a revolution in the reverse direction, as indicated by the arrow, sufficiently 
for nnwinding tho coils in backing off ; and the snail F then comes into action and winds up the 
chain D, thereby bringing the top-faller wire A down upon tho threads W and depressing them 
towards tho bottom of the oops. On the back of the faller shaft I is fixed the curved arm B, 
against which bears tho vertical locking bar H ; and when the arm B is lifted by the depression 
of tho faller A, its extremity is caught by the recess in the liar H, which is thrown forwards by the 
bell-crank lever K, aa shown by Fig. 2195; the tail of this lever having been brought, by the run- 
out of tho carriage G, under the corresponding bell-crank L fixed in the end frame of the mule, has 
previously extended the spiral spring attached to tho bell-crank L, Fig. 2194, tho recoil of which 
throws the locking bar H forwards as soon ns the arm B is sufficiently raised, Fig. 2195. The 
pulley E is carried on a rocking lever R, tho tail of which presses against tho stop 8 in tho end 


frame of the mule during tho time that the chain 1) is depressing the faller, Fig. 2194 ; hut at the 
moment when the locking bar H is thrown forwards to look the faller arm B, the stop 8 is lowered, 
as shown in Fig. 2195, clear of the tail of the lever R, allowing the pulley E to yield hr the further 
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fuller wire is gradually allowed to rise l>y tho locking bar II running down the inclined copping 
rail M, the curved arm B being kept constantly pressed home in the notch of the locking bar, by a 
counter-balance weight or spring acting on the bark of the fallcr shaft 1 to raise tho fuller A. The 
length of the stretch or run- , tUit 

in of the carriage G is (13 in,, 
which is therefore the length 
of thread to be wound upon 
the cop J at each tirno of 
winding; and this whole 
length of 63 in. of spun 
thread in each stretch is 
wound uiH>n the con during 
each stroke of the fnller wire. 

The mode of building up tho 
cop in successive stages is 
shown half full size in Fig. 

2197 ; and in order to allow 
for tho increasing diameter 
of the 00 p, the successive 
layers of thread are wound 
upon it in more open coils 
as the size increase**, as in- 
dicated by the dotted lines, 
which is effected by gradu- 
ally increasing the range of 
the fuller wire ; at tho same 
time the ends of tho cop are 
made of tin; conical form 
shown in the drawing. The 
length of range or chose of 
the foller wire nt tho com- 
mencement of the cop upon 
the bare spindles is only 
from A to B; but this is 
gradually increased until 
the cop has attained its full 
diameter 0 C, when the 
length of range is from C to 
D ; oftor which the range is 





slightly diminished again to the length E F in finishing the cop. For the purpose of obtain- 
ing the requisite motion of the fnller wire for giving these successive shapes to the eop # during 
the winding, the extremities of tho copping rail M, Fig. 2103, arc supported on the two sliding 
wedges N and O, which are kept at an invariable distance apart by a connecting rod. In 
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commencing tho winding or ft get or cops upon the Wo spindles, ns «hown at A B in Fig. 2197, the 
ronping rail in get at tho top or tho wedges and is nt its smallest inclination ; ami after each suc- 
cessive lnycr has Ism-ii wound on, the two wedges are slided from under tho rail by a traversing 
screw worked by a ratchet-wheel, which is advanced one or more teeth oia , 

during each runout or the carriage O, F ig. 2193. By this means tho 
copping mil M is gradually lowered at both ends, and at tho same 
time its inclination is increased by tho outer wedge N being made 
with n rather smaller angle at tho top than the inner wedge O, Tor 
tho purpose or forming tho cop with a moro gradual taper at the top 
than nt the bottom, as shown in Fig. 2197. This increase of inclina- 
tion continues until the cop has 
attained its full diameter C C ’ 
anil has assumed the shape 
A C D ; after which the incli- 
nation slightly decreases again 
until the cop is complete*! to 
tho finish oil shape A 0 EF, by — 
the latter part of the outer 
wedge N being made slightly 
steeper than tho corres|ionding 
portion of the inner wedgo O, 
us shown in Fig. 2193. Tho 
inner end of the copping rail 
being tho lowest, tho winding 
of each stretch leaves off at the 
top; and at the commencement 
of winding each stretch tho 
fallcr wire puts down the thread 
to the point nt which the wind- 
ing of the new layer is to bo 
started, about three colls being 
wound on during the deseent of 
tho fuller, as indicated by tho 
spiral dotted line from F to E 
in Fig. 2198, and the remainder 
during tho rise of tho fallcr. 

When tho spindles arrive at tho 
rollers P, as shown in Fig. 2196, 
having wound up tho 63-in. 
stretch of th rinds, the stop U 
pushes hack the locking Itar H, 
thereby releasing the fuller A, 
which immediately rises clear 
of the threads \V. 

The conn to r-ful ler 
wire is carried by the 
arm V from a second 
shaft behind tho top- 
fallcr shaft I, and 
during tho winding 
it bears up constantly 
against the under- 
side of the threads 
W, as shown in Figs. 

2194 and 2195, with 
a slight premure from 
a counter - balance 
weight or spring act- 
ing on the shaft, so as 
to ensure keeping the 
threads in proper ten- 
sion ; during tne spin- 
ning tho counter- 
fallor is held np just 
beneath the threads, 
hut without touching 
them, as shown in 
Fig. 2193. The arm 
V of tho oountor- 
faller is curved ns 
shown in the draw- 

ing, so as to reach , 

over the shaft I of the top fuller, and also to avoid passing down between the cops; and the curved 
arm B on tho back of the tnp-fallor shaft I is shafted so as to clear the shaft of the cotin ter-fftller. The 
height of the countcr-fallcr wire is employed ns a means of regulating tho speed of tho spindles in 
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winding, in tho manner afterword* explained, so as to avoid the occurrence of any slack in tho 
threads. 

Roberts’ Backing-Off Motion as employed in the present mules is shown in Fig. 2199, which is 
a plan of the main driving shaft or rim shaft A of tho machine, carrying the largo rim-wheel 
Z or doable-grooved pulley driving the whole of tho mule-spindles by the endless cords X X, 
Fig. 2193, passing round the pulleys Y Y. On tho boss of the loose pulley B is a pinion C, which, 
through a train of intermediate wheels I) D. drives in the reverse direction and at tho required 
slower speed the spur wheel and friction cone K. also running loose upon the shaft A and sliding 
longitudinally upon it. This friction cone engages in a corresponding hollow cone inside tho fast 
pulley F; an<l when the driving strap is shifted from the fast pulley F to tho loose pulley B for the 
purpose of backing off, the friction cone is also brought up against tho fast pulley, thereby first 
arresting bv friction the forward motion of the driving shaft A, and then giving it the reverse 
motion for Lacking off, 

Roberts’ Winding Quadrant, for regulating the winding of tho threads by diminishing the speed 
of the spindles in proportion as the diameter of tho oops increases, is shown in Fig. 2200. This 
very ingenious contrivance has never 
been superseded, and is employed in 
almost every self-acting mule at tho 
present «lay. Tho quadrant A turns 
upon a fixed centre C in tho framo of 
the mule, and a pinion B gears into it, 
which is driven by a band and pulley 
receiving motion from the traverse of 
the carriage G, the arrows indicating 
the direction of motion daring the run- 
in of the carriage. The grooved arm D 
of the quadrant contains a dnuhlo- 
threaded screw, by which the sliding 
nnt E is traversed outwards from the 
centre of motion C towards the ex- 
tremity of the arm D. When the car- 
riage is at the outer end of its stretch, 
the arm D stands inclined 12° outwards 
from the vertical, os Bhown by tho 
dotted lines; and during the run-in of 
tho carriage it turns inwards through 
an arc of 90°. A chain F, attached to 
the nut E, is coiled round a drum II 
inside the carriage G, and as the car- 
riage recedes from tho quadrant arm | 
during the run-in the chain thus causes 
the drum to rotate, and thereby drives 
tho spindles T through the interven- 
tion of the tin roller I geared to the 
drum H. At the commencement of a 
set of cops, the nut E is at the bottom 
of the quadrant arm D, nearest to tho 
centre of motion C, as shown dotted ; 
and the number of revolutions then 
given to the drum II by the uncoiling 
of the chain during the run-in of the 
carriage is nearly as many os if tho end 
of the chain at the nut were held sta- 
tionary, and is sufficient to wind up on 
the bare spindles the length of threads 
spun in one stretch. 

As the cops increase in diameter 
from their original size A B to their 
full diameter CC, Fig. 2197, the nut E 
is gradually advanced outwards along 
the quadrant arm D, Fig. 2200, so as 
to increase its arc of motion and there- 
by diminish tho number of revolutions 
of the drum II and the speed of the 
spindles T. This advance of tho nut is obtained from the eounter-faller V hearing against the 
nndcr-side of the threads W T during the winding. Tho depression of the eounter-faller towards 
the lower part of the cop J brings down the end of a governing lever upon a horizontal strap, 
which posses round a ptdley on the headstock of the mule and round another on tho centre 
shaft C of tho quadrant ; and on this shaft is a bevel pinion gearing into a second lievel pinion 
on tho end of the double-threaded traversing screw in tho arm D ; so that when tho governing 
lever is depressed upon the strap by the eounter-faller, tho forward motion of tho lever as the car- 
riage runs in drags tho strap along with it by friction and turns the shaft C forwards, sliding tho 
nut E outwards towards the circumference of the quadrant. At the moment when the backing-off 
motion has ceased and the carriage begins to run in for winding up the stretch of thread spun, os 
shown in Fig. 2195, the eounter-faller wire V is at its highest working position, compensating for the 
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additional length of thread that has been nnooilod from tho top of the spindle in latticing off after 
the spinning of tho stretch was completed. Tho nut E, however, Fi£. 2200, is still at the same 
distance from the centre C of tho quadrant as it was at tho conclusion of windiug the previous 
stretch ; and, therefore, as the diameter of the con is now greater by winding tho now layer of 
tlirend outside tho previous one, tho winding of tho new stretch commences rather too fast, and 
begins at once to take up tho length of thread given out in tho hacking off. Tho conn ter- fuller V 
is thus depressed, and by means of tho governing lover slides the nut E farther out from the centre 
0, until tno speed of winding is sufficiently diminished to allow tho counter-fall er to rise again 
high enough for liftiug tho governing lever off the strap. It will be seen that, iu consequence of the 
arm D describing tho quadrant of a circle, tho horizontal motion of the nut E in tho winding of 
each stretch is greatest at tho commencement of tho winding, and gradually diminishes as tho 
carriage runs in ; and tho effect of this is that tho speed of winding is gradually increased towards 
the end of each stretch. By this means the threads are wound uniformly upon the cops, with an 
equal degree of tightness throughout. 

The wholo mulo is driven by a strap 3} in. brood, running over the fast policy F, Fig. 2199, on 
the rim sliafl A, anil travelling at about 1670 ft. a minute, or about 19 miles an hour. The driving 
power required is about 1 indicated horse-power the 230 spindles, or 4} horse-power for each mulo 
containing 1000 spindles. Tho speed of the endless cord X passing round the rim wheel Z, Fig. 
2193, is 2640 ft. a minute, or about 33 miles an hour. Tho carnage of the mule makes 3 to 3} 
double journeys ont and homo a minute, the length of stretch being 63 in. : but the velocity varies 
at different parts of tho traverse, the carriage being taken in by a pair of scrolls in tho centre of 
the machine, and drawn out by three spiral grooved pulleys keyed upon a shaft running tho entire 
length of tho mule, one pulley being in the middle of tho shaft and one at each end. The length 
of the carriago being upwards of 100 feet, a parallel motion is required for keeping tho carriage 
straight; and this is obtained by a horizontal traversing pulley at each end of tho carriage, 
traversing along fixed cords and thereby modo to revolve ; and these two pulleys being also coupled 
together by a crossed cord, are compelled to revolve at tho same rate, and consequently cause each 
end of the carriage to travel at tho same rate. There are three pairs of drawing rollers P, Fig. 2193, 
by which the rovings are drawn about eight times before being delivered for spinning. Tho last 
pair of rollers delivers the rovings at a speod of 26 ft. a minute, until the carriage G lias run out 
the 63-in. length of stretch, when tho rollers are stopped, aud hold tho threads fast during tho 
winding up as tho carriage runs in again. Tho actual length of roving delivered by tho last pair 
of rollers for each stretch of 63 in. is abont Cl in. 


Tho spindles make about 1260 revolutions in twisting each stretch of 63 in., thus putting about 
20 twists an in. into tho threads ; and the total time occupied is about 12J seconds. In winding 
up tho threads, as tho total length to lie wound up remains constant, namely 63 in., tho number 
o* revolutions is diminished in each successive stretch according to tho increasing size of the cop, 
from about 70 revolutions at the commencement to 23 revolutions at tho full diameter of the eoji, 
with oops of an average size winding an average number or yam, such as No. 32, which is such a 
quality that 32 hanks of 840 yards each weigh together 1 lb. ; tho time of winding each stretch 
is about 3J seconds. Tho velocity of the spindles is about 390 revolutions a minute in winding, 
and in twisting the speed ranges from 8000 down to 3000 for coarse work, a common average being 
about 6500 to 7000 revolutions a minute. In backing off, tho velocity of revolution is about ^ 
of that in twisting. The direction Of rotation of the spindles is the same in twisting aud in 
winding, and tho thread is wound on in a right-handed spiral when spinning twist, and left-handed 
when spinning weft. Fig. 2198 shows full size the conical form of the top of tho spindles for tho 
purpose of letting the thread slip off freely at each revolution in twisting; and the two lines G 
and H show the extreme inclinations of the thread to the spindles during the twisting. Tho larger 
anglo shown by the dotted lino G, when the spindles are nearest to the drawing rollers, is about 
145° ; and the smaller angle shown by the full line U is about 105°, when tho spindles are at tho 
outer extremity of the stretch. The spindles themselves are inclinod inwards towards the drawing 
rollers at an angle of about 12° from the vortical, as shown in tho drawing. 

Cotton Gin . — For tho purpose of ginning cotton, or separating the cotton fibres from the seed, 
the roller gins, ns they arc called, are of the most primitive construction, simply and ingeniously 
made, and are of Indian origin. Fig. 2201 shows a section of a roller gin of modern construction. 
It is formed of two small rollers about $ in. diameter and from 6 to 9 in. long, made to revolve 
in opposite directions, ns shown by the arrows, by means of toothed wheels. The bottom roller 
turns on fixed bearings, and the upper roller is kept in close contact with it by means of a 
lever nnd screw. The cotton seals arc 2 joi. 2202 . 

fed forwards l*etween the rollers from ~ 

the table in front, a s|>occ being left 
between the edge of the table and the 

bottom roller, to allow the seeds to drop 

down as they become cleaned of tho W.' 1 '•5**^ 

cotton fibres by the revolving action of LM V remlir ylefr 

the rollers. A brush is fixed under- ' jwrf / \ 

neath the bottom roller to brush off SMmiy > 1 ^- A ^ 

any cotton fibres adhering to its sur- * 

face. It is necessary tbat gins acting ^ _ \ y / 

in this way should have rollers of small fT»| it I ' 

diameter, say from f to j in., becauso U U 

the smaller the rollers tho more obtuse is the angle they present to tho seed which is being cleaned* 
nnd the seeds are thereby better prevented from being drawn in Ijetwecn tho rollers and crushed 
aud mixed up with the cotton fibre. It is evident from Fig. 2202 that largo rollers present an neuter 
angle to the seed, and with such rollers the seed would unavoidably be drawn in aud crushed 
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and mixed with the fibre. Tho object to bo attained in ginning cotton is to get it free from 
nil impurities ; and it is found tliat the smaller the rollers and the slower their motion, tho 
cl Minor is the cotton fibre separated from the seeds ; for if tho rollers arc al>ovo an inch in diameter, 
and if they revolve very rapidly, they draw in soft, ■nail, and falae seeds, crushing thorn in their 
paaange, and straining and otherwise injuring tho cotton fibre. 

The moat improved gin of tho roller class is given Fig. 2203, and is constructed with one 
largo roller covered with leather and having small spiral grooves formed round it both right and 
left. A guard-plate A is fixed near 

the surface of the roller, having a * 2 ® 3, 

grating along its bottom edge just 
wide enough for the aeecb to jnaas 
through to tho roller: and between 
it ami tho roller a thin steel striker 
blade B vibrate* a short distance up 
and clown with a rapid motion. By 
this means the seeds are shaken and 
turned round in contact with the 
snrfnce of the roller revolving in the 
direction of the arrow, and the cotton 
fibres are drawn between the blade B 
and the roller, while the stripped 
seeds are rejected and drop down 
through tho space between the blade 
B and tho edge of tho feed-table, 
having been thus cleaned of their 
fibres in a most thorough manner. 

In 171*3 Whitney invented a 2304 . 

machine, Fig. 2204, known by the 
name of Whitney’s saw gin. It con- 
sists of a wooden cylinder with a 
scries of circular saws C, about 8 in. 
diameter, fixed upon it at regular 
distances. The edges of the saws 
project a short distance through a 
grid, the divisions of which are too 
narrow to permit the seeds to pass 
through. Caro is taken that the 
aaws revolve in tho middle of the 
grid spaces, for if they rubbed against 
the bars they would tear the cotton 
filaments to pieces. A cylinder with 
brushes I), the tips of which touch 
the saw teeth, Bweepsoff the adhering 
cotton wool from tho teeth of the 
saws by revolving in the opposite 
direction to the saw roller. The 
cotton seed ns picked from the pods 
is thrown into the hopper E, and the saws in turning round snatch the filaments from the seed 
which remains against the grid, and drag them in wards and upwards. The stripped woods, being 
too large to pass through the grid, accumulate at the bottom of tho hopper K, and are let out at 
intervals. 

The Carding Engine of Curtis, Parr, and Modeley, of Manchester, Fig. 2205, is constructed on 
the rollcr-and-clearer principle. Its dimensions are ns follows, namely ; — 


1 large or main cylinder, 50 in. diameter, and 40 in. on tho wire; 

1 doffer 22 in. „ „ 

7 rollon 4| in. „ „ 

7 elcarore 8| in. „ „ 

1 dirt-roller Of in. „ „ 

1 lieker-in .. .. ..8 in. „ „ 

1 second lieker-in 8 in. „ ,, 

5 knives placed horizontally across the main cylinder between the dearer and roller ; 

0 boxes or receivers, placid acmes the main cylinder, bchiud the clearer : 

1 revolving shaft, placed inside the boxes or receivers, working horizontally. 

It is obvious that the main operations of carding, on the rollcr-and-clearer carding engine, take 
place between the roller and main cylinder. The novelty of this carding engine consists in the 
application of a knife between each pair of rollers and elcarers, combined with a box, behind the 
clearer, to receive all the Bhort-fibro cotton, fly, and shell-dirt liberated through the action of 
the knife and thrown into tho Imx by the centrifugal force of the clearer. The action of tho 
knife is almost equal to that of a combing mnehino; for the cotton, being held on the roller, cannot 
pass in fleeces to tho clearer, as is the case when no knife is used, but is drawn by tho roller under 
the edge of tho knife, and by this means the fibre is more evenly laid and combed. All extraneous 
matter is thus liberated and immediately thrown into the U>x or receiver, and there retained by 
means of the small revolving shaft. By this principle a better quality of carding can be produced 
thau by the ordinary common roller-and-clearur principle, without the knife and box. 
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The Holier A is worked in various wajs. Sometimes it is act to work into the cylinder aa an ordinary roller; at other times it runs oue-tourth quicker on the surface uuui the 
surface of the cylinder, A is then called a fancy ; at other times it works into the licker-in and cylinder, in thia case A runs a little quicker than the lickcrdn. 
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COTTON PRESS. Fr., Pressoir a coton ; Ger, Baumtcollenpresae ; Ital, Macchinada comprimcr 
cotout' ; Span., Prensa para algodon. 

See Presses. 

COUNTER. Fb., Compteur ; Geil, Za hlapparai ; Ital., Contatorc; Span., Coutador. 

See Details op Engines. 

COUNTER-BALANCE. Fr.. Conire-poidt ; Ger., Gcgengetdcht ; Ital., Gontnapewo; Span., 
Comtrapeeo. 

An equal opposing weight, power, or agency, acting in opposition to anything, in a counter-btUance ; 
an the mass of iron oast on the aide uf a locomotive wheel, opposite the crunk-pin, to counterbalance 
the weight of the latter ami its connected |wrts. 

COUNTERFORT. Fa, font rc- fort ; Geb., Strebepfcilcr ; Ital, Contrajforte ; SPAN., Cbn- 

trufuertr. 

See Fortification. 

COUNTER MINE. Fr, Contm-mine ; Ger, Gcjmminc ; Ital, Cuntromina; Span, Con- 
tnunina. 

See Fortipication. 

COUNTERSUNK. Fa, Fraisd; Ger., ; Ital., Acccccato ; Span, Con oabena cm- 

butida. 

The head of a screw or bolt sunk below a surface, by drilling or turning, is said to bo 
Countersunk. 

COUPLINQ, Fr, Accouplcment, Attelage ; Ger, Kuppdung ; Ital, Organ* (Taccoppiamcnto ; 
Span, Kueda de cmltrague, dr cone x ton. 

A coupling is that which serves to couple or connect, as a hook, chain, or other contrivance ; as 
the coupling of railway carriages : any contrivance for couuwting shafts end to end, either per- 
manently or so as to admit of their being joined or disjoined at pleasure, as by a box, clutch, heads 
with interlocking teeth, and so on. See Gearing. 

COU81XET, or CUSH EON. Fr, Coussincts; Ger., Kamp/cr ; Ital, Moesn dclTarco ; Span, 
Solmer. 

A rotwiiiW is the stone placed on the impost of a pier for receiving the first stone of an arch. 

COV’ERED WAY. Fb, Chcmin courert de r enceinte; Gut, Gcdcckter Wcgj Ital, I m copcrta ; 
Span, Camino cubicrto. 

St*j Fortipication. 

CRAB. Fr., Yindtu, CKSrre ; Geil, Kruppelsjnll, ErdepiB; Ital., VerrircUo ; Span, Tomn. 

A erttb is a form of crane used fi»r raising or moving heavy weights. A contrivance for launch- 
ing ships or raising them into dock is al»> termed a crab. See Jack. Winch. 

CRADLE. Fr, Her, Bcrceau ; Ger, Stapcl; Ital, /nvasatura ; Span, U rada. 

See Gold. 

CRAMP. Fr., Crampon ; Ger, Klammer; Ital., f^ga ; Span, I.aOa. 

A cramp or clump is a piece of iron bent at the ends, serving to hold or compress together pieces 
of timber, stones, and so on : a cramp-iron. 

CRANK Fr, Grue; Ger, Kmhn; Ital., Gru; Span, Grua. 

See Lifts, Elevators, and Cranes. 

('RANK. Fr, Mani telle ; Gkb, Kurbcl ; Ital, Zanca; Span, CigueAa. 

See Mechanical Movements. 

CROSS-HEAD. Fr, Trte croissdc ; Geil, Kreuzhopf ; Ital, Crodrra; Span, Cabexa cn J. 

See Engines, VaritHcn of. Marine Engines. Stationary Engines. 

CROWBAR. Fb, Lcricr, Pincc ; Ger, Brtchstange ; Ital, Pie di copra ; Span, Pnlongueta. 

A crombar is a Iwir of iron wimrpemd at one and, and used as a lever for raising heavy bodies. 

Hydraulic Croxr , Figs. 220b, 2207. — In this tool hydraulic power is employed, it being a hydraulic 
crow, for straightening or 
setting, rails, designed by J. 

M. Budge. The construc- 
tion of this tool consists of 
a small hydraulic press 
cylinder, 2}-in. boru, having 
hinged to it a pair of aims 
by which the rail which is 
to lie straightened or set is 
held. On the top of the press 
cylinder is screwed a east- 
ing, which forms an oil tank, 
and which contains a small 
brass pump of the kind nsed 
in Tangye’s hydraulic lift- 
ing jacks ; this pump, which 
has a J-in. rani, being worked 
by means of a rocking shaft, 
which projects through tho 
casting and is furnished 
with a lever handle outside. 

The whole arrangement is very compact and convenient, and it dispenses with tho necessity of 
using the long awkward levers required with the ordinary screw cmws. 

CROWN WHEEL. Fr, Bom de rencontre; Ger, Krvnrad ; Ital, liuota a corona; 8pan., 
Bueda dc escape. 

See Mechanical Movements. 
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CRUCIBLES. Fr., Creuact* ; Gf.R., Schtnclztic^cl ; Ital., Crtxjivoli ; Spam., CriaoU*. 

Vessels used for tho fusion of metals, and gouorally for all other chemical puri>oec* in which 
intense heat is employed. 

The use of the crucible appears to have originated with the old alchemist*. who wore in tho 
habit of marking them with tho sign of tho cross before commencing their operations; whence the 
derivation of the name. The principal requisite* of a good crucible are, that it should be eatable 
of enduring the strongest heat without becoming soft or losing ranch of its substance ; that it should 
not cmek on being excised to sudden alternation* of tcmfiernturo ; that it should witlistond the 
corrosive effect of the substance fused in it ; and lastly, that it should bo sufficiently strong to 
support the weight of the molten metal when lifted from the furnace. In the present day the 
consumption of crucible* is very large ; they are extensively employed by the brass-founder, the 
gild and silver refiner, the manufacturers of co*t steel and gun-metal, ns well os in tho melting of 
zinc and copper, in the various o)>eration* of the analytical chemist, nasnyer, and in the production 
of the coinage of different countries. The crucibles in most common use in Birmingham and its 
iicighlxmrhnod, as well ns in Sheffield, are made of a fire-clay found n«*nr Stourbridge, which is 
generally mixed with *nnie other substance, such ns powdered coke, in onler to lessen its tendency 
to contract when strongly heated. Them; Stourbridge clay crucible*, or costing jioU, are not burnt 
until reouind for use, when they are put into the furnace first with the mouth downward, and 
when red hot are taken out, and put in again with the mouth upward. 

The material from which the most refractory crucible* are now made is plumbago, or, as it used 
to be called, black-lead. This is one of the various form* assumed by carbon, and in its pure 
state is nearly identical in composition with the diamond, although *o very different in its struc- 
ture and physical character. Until » few years ago the use of binck-lend, Plumbago, pots wo* 
exclusively confined to the melters of precious metals, but they are now employed for melting all 
descriptions of metal ; and large numbers of Morgan’s far-famed crucibles, which an* composed of 
plumlrfigo, are used by the brass-founders and others in Birmingham. lmmen*c quantities of throe 
crucibles are annually manufactured by the I’l urn Inigo Crucible Company, whose works cover a 
large space of ground at Battcraea, near London ; and the manufacture os at present carried on at 
the Battersea works, preseut* a striking illustration of the rise and progress of a branch of industry 
coni|iarativ<-ly unknown a quarter of a century ago. 

In making the crucibles, tho materials are first ground to powder and sifted, after which they 
are mixed with certain proportions of various constituent*, no a* to give n sufficient degree of 
coherence and plasticity. Formerly, crucibles were made by hand, common wooden moulds being 
employed, but thorn! of Morgan are mode by machinery, thus securing an exactness of form and uni- 
formity of weight which could never be nttnined under the old processes. Morgan’s Plumbago 
Crucible*, shown in tho Exhibition of 1862, had been used for reflectively 80, 00, and 100 pourings 
— a vast improvement on tho ordinary clay pot, which is considered to have done a fair average of 
work if it lost* throughout tho day. 

The advantage, indeed, of using plumbago crucibles wherever durability is required is now so 
n p| siren t, that although oomjMiratively cX|>cnsivo at first, they are ultimately found to be tho 
cheapest that can lie used. They effect a great saving of time, labour, and fuel ’(ns much a* 1} ton 
of the latter being saved to every ton of steel fused), and are consequently gradually superseding 
nil other* in steel foundries. 

Crucible* are made of various forms and sizes, according to the kind of work for which thmraro 
intended ; those used f«>r assaying are scarcely larger than a lady’s thimble, whilst other* made for 
zincing shot will hold ns much a* 800 lbs. of molten zinc. Home are nearly cylindrical, others 
triangular, and others skittle-* Imped. They are generally nuiuliered according to their capacity ; 
thus. No. HO will contain 30 kilogramme*, or something more than 60 English pounds, and so on, 
the adoption of French weights being found useful to Continental consumers. 

Com is A cntciUca are principally u*c<l for assaying copper ; they arc made of a clay found in some 
part* of Cornwall, and the smaller sizes are capable of resisting sudden alternations of temperature 
(a quality which is probably due to the large proportion of silica mixed with the clayX but they 
are rapidly corroded by melted oxide of lead. 

llcxrian crucibles were formerly employed to a much greater extent in metallurgical operations 
than they are at present. They are made princijially from a clay found at Gross-Almerode, and 
in their composition resemble very closely the Cornish cruoibh*. The form is triangular, and 
they are generally packed in nest* of six ; the smaller sizes fitting into the larger. These crucible* 
are tolerably lasting at moderate temperatures, but are apt to fuse when ex|ioscd to very great 
heat. 

Several kinds of French crucibles arc manufactured, some of which are of very excellent qualitv, 
especially those of Beaufay, called the creusets de Paris, and those of Deycux, tinned ere use ts do 
Snveignies. Both kind*, however, contain a largo percentage of oxide of irou, which renders them 
objectionable for some purposes. 

London crucible » are of n reddish -brown tint, very clone grained, and capable of resisting tho 
corrosive action of oxide of lead, hut liable to crack when suddenly heated. Of loto years white 
fluxing jx>ts, manufactured by the Plumbago Crucible Company, Battersea, have been very much 
employed on account of their smooth surface, ami their power of rosistiug the notion of fluxes. 
They are made in various sizes, from 2J in. up to 8$ in. in height. 

The large crucibles used in the manufacture* of gin**, glass-house pots, are made of the best 
Stourbridge clay, mixed with about , its weight of cement of old pots ground to fine powder. 

For iqiecia) metallurgical or chemical pur)io!«ea, crucibles are sometimes mode of platinum, lime, 
bone dust, magnesia, pure carbon, and other materials. 

CRUSHING Axn AMALGAMATING MACHINE. Fr., Bocard, Machine a brvyer; Off., 
Poehurrk ; Ital., Macchina da stritoiarc e amaJjanuirc ; Span., Bocartc , Tnturadur. 

See Gold. Silver. 
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CULVERT. Fn., Conduit soulcrrain , Ponceau; Gf.il, Absugscanal ; I tal., Condotto ; Span., 
Alcantarilla. 

An aichml drain for the passage of water under a road or canal is a culvert. 

DAM. Fk., Digue; Ot«., Datum; Ital., Pesatia, Diga ; Spax., Ileprest. 

Son Damming. Docks. Embankments. Gravity, Centre of. Locks. Water-Supply. Water- 
works. Weirs. 

DAMMING. Fit., Arretcr ten r-iuj* par dee digues ; Gut., YcnlTtinincn ; Ital., Sostenere an corso 
d" atsftut cunpcscain ; Sl*A 51 ., El arto de represar. 

Pressure of Water . — Let L F B D, Fig. '2208, lie a vessel of any form whatever, filled with water, 
ah any portion of tlio surface F K C B iu contact with tbu water, G the oeutru of gravity of ab t 
G It the |H*rpeinliciilar depth of G below the 
surface of the water ; then if R G = 10 ft., and 
the area of the surface a b = 3 sip ft., the lbs. 
pressure on this surface will be = 3 x 10 x 
02 ‘5 = 1875 lbs. 1875 lbs. is the weight of 
a column of water whose base is the area a A, 
am! perpendicular height the depth of the 
centre of gravity of a h. 

If the area of ce on tho Ixittom of the 
vessel = 5 aq. ft., and QG, = 14 ft. the per- 
pendicular depth of the centre of gravity G, 

Mow the surface of the water ; then the lbs. 
pressure on tho area ce = 5 x 14 X 62*5 = 

4375 llis. 

Again, if the area of the surface A /, on the 
slanting face A L = 4 aq. ft., I*G, = 1 1 ft„ G f 
Mng the centre of gravity of the area A / : then 
the pressure on this slanting surface will ln» 4 x 11 x G2*5 = 2750 lbs. 

As in former caws, the weight of a cubic of water is taken = 62| lbs. It may lio further 
olwcrved that the position* or inclinations of the surfaces <16, ce, A/, are not taken into account, 
but merely their areas and the perpendicular distances of the centres of gravity from the horizontal 
surface of the fiuid. On this simple principle rests that department of mechanics termed hydro- 
sUitics ; it is easily demonstrated, as gravity acts on all the particles of the fluid, and each jmrticlo 
presses on that next Ik low it, and, further, Inca use, fmm the i>eeuliar property of the lluid, this 
pressure is transmitted in all directions equally. 

<Jues. Find tho lbs. pressure on a floodgate whose breadth is 9 ft. anil depth 7 ft. 

7 X 9=G3 sq. ft. area, depth of centre of gravity = *- = 3*4 ft. C3 X ^ X 62J = 13781 *25 lbs. 

Ones. What is the pressure uj*>n 10 ft. length of an embankment, the depth of the water 
pressing against it being 11 ft. 

10 x 11 x Y X C2-5 = 87812-5 lbs. 

Ques. Required tho relation of the pressure upon the four sides of a cubical vessel filled with 
water, and the pressure on the bottom which is horizontal. 

Put « = the length of tho side of tho cube in feet, a 5 x C2 ‘5 = pressure on tho base; 

a X n x g X 62*5 = pressure on one of the sides, 2» a x G2 5 = pressure on tho four sides. 

Then »* x 62*5 T 2 «* x C2*5 l : 1 2 ; that is, the pressure on the sides is = to twice the pressure 
on the base. In these calculations the fluid is supposed to bo at rest, and acted on only by 
gravity. 

Let A BCD be a vessel filled with water, the pressure Q on any point n, in the side AD, 
Fig. 2209, is due to the perpendicular depth A n. If in tho base D C produced we take D F = D A, 
the perpendicular depth of the water, then the pressure 
upon the point D will lie due to tho pressure of a column 
of the fluid, whose height is = D F. Draw F A, aud 
from any point n dmw m n perpendicular to A D ; hence 
mn = A «, and the pressure Q on the point n will be due 
to a column whoso height is mu; tire same reasoning 
applies to any other point iu the side of the vessel. 

i/Ct us take an example and compare this method of 
viewing tho subject with the one previously enunciated 
and illustrated. 

<2«c*. What is the pressure on an embankment whoso 
length is 21 ft. and depth of the water A D = 12 ft. 

The whole pressure upon the side of the embankment 
is equivalent to4he pressure or weight of a moss of fluid 
of tho form of a wedge, A F D, Fig. 2209. 

. 12 

Area of the triangle A D F as 12 X — = 72 sip ft., 72 x 21 = 1512 cub. ft. content of the 
wedge. .*. 1512 x 02*5 = 91500 lbs. pressure. 

Before it was stated that the pressure in lbB. on the side is equal to a column of water whose 
bast 4 is the ana of the surface, and |tc rjwnilicular height the depth of the centre of gravity. 

It is evident, since the sale of the cmlionkmciit is a parallelogram, the depth of its centre of 



2208. 
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gravity = y = 6 ft., area of the surface = 12 x 21 = 252 eq. ft. 252 x 6 x G2*5 = 94500 lbs., 
the pressure before found. 

It may be easily perceived that there is a certain point in the side A D of an onibonkmcnt or 
vessel filled with water, whero a single pressure will munterlialAncc the pressure of the water 
nguinat the whole side. This point is called the centre of pressure. 

The centre of pressure must evidently lie in the line P (J passing through the centre of gravity, G, 
of the rcetLje of pressures, of which the plane A F D is a cross-section. 

Bisect F 6 in E, and I) A in H, draw A K and K H ; these lines cut one another in the centre 
of gravity G. D P = \ D A, that is, the centre of pressure, I‘, in this case lies at ^ of DA, from 
the liottoin. 

Qucs. Required the pressure on the staves of a evlindrical vessel filled with water, the diameter 
of the hose being 10 ft. and the iierpcudirulnr height 8 ft. 

3' 1416 x 10 = 31 "410 ft the circumference of the cylinder, 

31-41(5 x ^ x 8 X 62*5 = 62832 lbs. pressure. 


3210. 

£ 


If the staves of this barrel are to be kept together by a single hoop, that hoop should bo If = 3| ft. 
from the bottom. 

Qnes. An embankment 1ID, Fig. 2210, resists a pressure of water whose centre of pressure is at 
P; it is required to determine by construction the conditions of equilibrium, supposing when the 
pnwure is sufficient to overturn the embankment it 
will turn upnn A, as a centre. 

Let F O C be the vertical line drnwn through G, the 
centre of gravity of the embankment. Draw P L per- 
|M<ndicular to FC, intersecting FC in O. Make On = 
the lbs. pressure in the embankment, and O m = the pres- 
sure of the water, complete the parallelogram O m p n, 
then if the diagonal Op or Op produced falls as at B 
inside the base, the embankment will stand, but if the 
diagonal cuts outside of A, embankment will fall by 
turning over upon O. 

Otherwise, since the pressure of the water P, in 
pounds multiplied by the length of A L in feet, gives the 
moment of the water tending to turn the emUmkinent, 

U D, on A ns a centre ; and the product of the weight 
of the embankment, H D, in |*>unds by the length of 
A C in feet, gives tin* momentum of the embankment that acts against the pressure of the water; 
consequently, when these moments are eoual the embankment, AI1EU is u|ion the point of turn- 
ing over the point A ; if the moment of the water be the greater of the two, the structure will fall, 
but if it be the lesser of the two, it will stand. 

Ques. Suppose 10 ft. to be the length of an omlmnkincnt whose height, DK, from the snrfoco 
of the water at E, is 28 ft., AI) = (5 ft., will the embankment stand or full when a cubic foot of thu 
material of which it is cnni|iuacd = 1«J0 Hw. 

Surface ujion which the WHter presses = 28 x 10 = 280 sq. ft. Pressure of the water — 

280 x - X 62 ’5 = 245000 lbs. ■ = D P = A L = tho distance of tho centre of pressure I*, 
2 3 

28 2 

from the bottom A D. 245000 x — = 2286666 - the moment of the water. Weight of the 



embankment = 28 x 10 X 6 x 160 


28 

245000 X - = 2286666 jj the moment of the water. 

2G8800 lbs. Moment of the embankment 


= 268800 x - = 806400. 


This structure must fall, since the moment of the water is greater than the moment of the 
embankment. 

Ques. Wliat must be the height of the water in the last question, so that the embankment may 
lie upon the point of overturning. 

Putting x for tho required height, then tho moment of the water will bo 

xx 10 X ^ X 82’5 x X 625. .*. — X 625 = 806400. x = 20*59967 ft., height required- 

2 3 0 0 

Qucs. Required the thickness of a rectangular embankment that KUp|mrts a pressure of water 
rising its full height of 16 ft. when tho structure is ujioii the point of turuiug over ; the weight of 
a cubic foot of the mnterial. of which the embankment is com jawed. 128 llw. 

We may take tho length of the embankment = 1 ft., for if it stands fur 1 ft. of length, it will 

stand for any other length. Ixl6XyX62*5 = 8000 lbs,, the pressure of the water. 

8000 x y = the moment of tho water. 

If x be put for the thickness of the emlxmkment, its moment will bo 
16 x x x 1 x 128 x - = x* x 8 x 128. 
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Putting 8 x 128 x x 5 = 8000 x ~ , gives x* - 


125 

~T' 


x = 6 45407 ft. 


Qufs. Let tho eroas-soction of the omlwuikmont, A B 0 D, Fig. 2211, have the form of ft trapezoid, 
when; A K = 6 ft., E B = 5 ft., DC = 15 ft., ami the weight of a cubio foot of the material = 
120 lbs. ; a« in former case*, tho cubic foot of water it* sup|>osod to weigh 02 J 11*4. 

Let us consider the circumstances with respect to 8 ft. length of embankment, and suppose tho 
croos-soetion, A B C 1J, to bo divided into two parts, namely, the rectangular part, B C D K, and 
the triangular part, A E D. It ha* boon before shown that a vertical line, •/ L, passing through tho 
centre of gravity, (/, of tho triangular part, cuts tho base, A L, supposed to be horizontal ; «o that 
A L = J of A K = 4 ft. The vertical lino. G F. passing through tlio centre of gravity, Q, of tho 
parallelogram, E D C ft, cut* the bo*o at F ; no tlint A F = A E + f E ft = 8' 5 ft, 

It is supposed that tho pressure, P, of the water tends to turn the embankment over a horizontal 

line passing through A, perpendicular to tho plane of the paper. — ^ — x 8 x 120 = 43200 lb*. 

weight of tho part of which A D E is a cross-section ; the moment of this port will bo = 43200 x 
4 = 172800. 

Weight of BCD E = 15 x 5 x 8 x 120= 72000 lbs. Moment of this part = 72000 x 8-5 = 612000. 
612000 -f 172800 = 784800, the moment of 8 ft. length of ciutiankmeut. 

Since the moment of the water will bel5x8x X 62*5 x ^ = 281250, it follows that the 
embankment will stand. 

(juts. The breadth of a floodgate is 12 ft.; the depth A ft = 8 ft. ; the centre of the hinge, Q, 
is 18 in. from the bottom A, and tho hinge, R, is 18 in. from tho surface, B ; tho pressure on Q, 
Fig. 2212, is required. 

2212. 

2211. B 



Since one-half the pressure of the water on tho gate only acts on tho hinges Q and R, that 

g 

Pressure in lbs. will bo = 8 x 6 X - X 62*5 = 12000 lbs. 

g 

Let P be the centre of pressure of the water, then AP = -; QR = 8 — 3 = 5ft. ; 

PR = PD-BR = |x2-l} = 33fl. 


Because the pressure of the water at P is supported by tho hinges at Q and R, then, on the 
principle of the lover, supposing R to bo tho fulcrum, .‘. putting x for the pressure on Q, 
x x Q R = P x P R, that is x x 5 = 12000 x 3J; .\ x = 0200 lbs. 

Ones. If one side of an equilateral triangle, immersed in a fluid, be perpendicular to the surface 
of the fluid, find the relation of the pressures on the three sides. 

Let the side, A B, bo perpendicular to the surface of the fluid L N, Fig. 2213. From F and G, 
the points of bisection, and therefore the centres of gravity of A C, C ft, draw E F, DC, HG, 
perpendicular to A B. 

It is evident that tho perpendicular depth*, MF = A E, A D, MG = A H, of the centres of 
gravity of the sides, A C, A B, B O, are as 1:2:3. Hence tho pressure on the side B C is equal 
to the sum of the pressures on A B, A C. 

G comet rical Proposition . — If fmin any of the angles of a triangle, ABC, 

Fig. 2214, a line, Am, be drawn to m, tho middlo of opposite side, CB, 
the point G is the centre of gravity of the triangle if m G = \ of m A. 

Draw Bn, bisecting AC, join m, a, then it is evident that all lines, as 
p q, parallel to C B are bisected by A m ; hence the centre of gravity of the 
triangle must lie in A m. In the same manner it may be shown that B it 
bisects all lines, asm, parallel toCA; therefore tho centre of gravity is 
also in B n ; consequently the point G, where A m and B n intersect, is the 
centre of gravity of the triangle ABC, 

But m n = } A B, and is also parallel to A B : and because the triangles 
m n G and GAB are similar, m G = | G A, whence m G = j m A. 

As the knowledge of the position of the centre of gravity of n body is of much importance in 

4 o 
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almost every department of mechanics, and to save the trouble of distinct investigations in cases 
that often occur, wo have thought it proper, in this place, to add the succeeding results. 

77m' centre of < 7 rarity, G, of a trapezium , ABC I>, Fig. 2215. — I-«t L be the centre of gravity of the 
triangle A D C, H of ABC, E of A B D, F of B D C ; join II L and E F ; these lines cut in G, the 
centre of gravity of A B C 1). 

To finil the centre of gravity, G, of a quadrilateral A B C D, total two sides, AD, B C, arc parallel. 

Fig. 2216. n = AL = LD,RtidBK = KC = l; KL = 3c. KO^t^- 

b + a 


H15. A 



To fxntl the centre of gravity, <», of any triangular pyramid , ABCD, Fig. 2217. — Put A II = a, 
A C =6, A D = c, and BC = d,BD = r, CD=/; then AG = 1 V3 («* + P + c*) - (</* -fc 3 + /*). 

Or, bisect B C in F, draw PD,FA; make E F = 4 of F D, and II F = 4 of A F, and draw 
H I), A E. The triangle* H « K, G A I) are similar. .*. HG = iGD = 1HU; EG = 1GA = 

| g A 

" Caee 2. — When B C = C D = D B. Then A G* - jL(d* + i* + c *- </*)• 

Case 3.— When B C = C D = D B, and also A B = A C = A D. Then A G* = ^ (3a* — d 1 ). 
Com 4. — If all the edges ore equal. A B CD becomes a regular totnedron. Then A G = $ a ^ 6 . 
To find the centre of gravity of a pyramid trhose ftase is any polygon. — The centre of gravity will bo 
on the lino drawn from the vortex to the centre of gravity of the bast*, and at the distance of * of its 
length from the vertex. 

The centres of gravity of the surface of a cylinder, of a cone, and of a conic frustrum, are 
respectively the centres of gravity of the parallelogram, triangle, and trapezoid, which are vertical 
sections of tho respective solids. 

The centre of the surface of a spherical segment is at tho middle of its versed sine, or height. 

In tho cone, as well as in the pyramid, the distance of tho centre of gravity from the vertex is 
} of the axis. 

In a conical frustrum, the distance of the centre of gravity, measured on tho axis from the 

centre of the less end = - ^ — — “~r" 1 ^ = the height ; R, r, the radii of the greater and 

4 It B r “b * 

leaser ends. 

The last theorem will apply for the frustrum of any regular pyramid, taking R and r for the 
side* of the two ends. 

In a paraboloid, the distance of tho centre of gravity from the vertex = $ of the axis. 

In tho frustrum of a parnMnid, the distance of the centre of gravity from the centre of the 

lesser end, along the axis = - - ; h denotes the height, R and r the radii of the greater 

3 It* + r 3 

and lesser ends. 

To find the centre of gravity, 

G, of a circular arc , M A m, Fig. 

2218. — From the middle poiut 
of the are A, draw A O to O, tho 
centre of t he circle ; pnt x = A P, 
ysMFsPn, radius AG = 
r ; the length of tho half-arc, 
orMA = * = Am. Thun O G 

= 


When the arc is a semicircle, then y = 
and then OG = *03602 r. 



; and * = $ it = 1 * 57079, 


1*57079 


™= ’ 63602 : 


To find the centre of gravity, G, of a circular segment, M A m , Fig. 2219. — O G =■ 


MP* 


3 ana of A M P 
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When the circular segment becomes a semicircle. 

OG = — — ^ — = ^ = !! — • 40441 r 

(3 quadrants) radius r 2-350194 r 1 2 356194 ~ 

In a circular sector, OBAC, Fig. 2220, the distance from the centre of the circle to the centre 

of gravity, or OG, = ; j n which r = OA; c - BC; a = the length of the arc B AC. 




To find the centre of gravity of a common parabola, Fig. I / 

2221. AG = | AC. " \ / 

_ .T? {X,n * ro gravity, g, of the semi-parabola, \ / 

CAD, Fig. 2221, take G 7 = 4 C D. \ / 

To find the centre of gravity, G, of the sector of a sphere , / 

0 D A B, Fig. 2222.— Let A 0 = x, O D = r, then AOs X. 

* (2r + 8 x). When x = r, the sector becomes a hemi- ^ 

sphere, then A G = 4 r. 

To find the centre of gravity, G, of the segment of a spheroid. — Let A be the vertex of the fixed axis 

a, putting c for the length of tho revolving axis, then A G = T x . 

6 a — 4 x 

When the segment becomes a hemisphemid, then x = ? and * *? * x — lx, for the distance 

.. . 2 6a — 4x " 

01 the centre of gravity from the vertex, f x is its distance from the centro of the base. 

1 - iT rt : , 0 “Pbrn-oid becomes a sphere, and, as the theorem is independent of c, it is alike 
applicable to both solids and their corresponding segments. 

To find the centre ot gravity of a hyperboloid. — Putting g — the distance of tho centre of gravity G, 

from the vertex A, and taking y 1 = (n x + x 1 ) ; 7 = * a * 3 1 x. 

__ a* 6 a -f- 4 x 

The position of tho centro of gravity, G, of any irregular body, A B C, may lie determined when 
balanced in tho manner represented in Fig. 2223, and applying the proportion, W : w : : a : x=R Q. 

aw , 

" * ~ ‘ ^ ° ,fl P n ^ = a » is horizontal. K L, Q G, S T are perpendicular to 8 R. 



? U *i’ V s 4*® ®^ ore8 ’ a c \ 2224, support the wall, A C B, that sustains a pressure of water 
up to the top A ; the stay delivers its thrust opposite the centre of pressure. P, of the water; tho 
An-Kft iB . r ® r l uir P t ^ when tho embankment is upon the point of turning over. Suppose 

l^".r 15 *V ® 1 “ e weight of a cubic foot of the material of which the wall is composed 

120 lbs. ; ad = P B = 5 ft. 

\Ve will estimate for 8 ft. length of wall, but any other length mnv be selected. Weight of wall 
3 x 1 j x 120 = 43200 lbs. Moment of the wall = 43200 x J = 64800. 

Let Ad bo perpendicular to a c; bd = _ > Jo — s-nus 


= |V2 = 3-5355. 


wil/us * x V - 5355 irUS * ° n 8 *°’ V8 ' a c ’ l >ro P ® length of wall ; the moment of this thrust 
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Moment of the pressure of the water will bo 

IS x 8 x '! x 62-5 x j = 281250. .-. x x 3 5355 + C1800 = 281250 * = 61222 lba. 

Quts. Required the modulus of stability of the stone structure, ADH O, Fig. 2225. A D = 3 ft. ; 
0 H = 8 ft. : Dll. drawn from the middle of A I) to the middle of O H = IS ft. ; the height of the 
water. HD = 17 '4 ft.; weight of a cubic foot of tho material of which the wall is composed = 
200 lbt. 

It is only necessary to investigate the action of the forces on a length of one foot. A D H O is 
a cross-sector of the wall. 

It G = $ B R I! - 6 z ~ L ~7 i — » O being tho centre of gravity of the wall. 

O It A H 4 4 1 y 11 

kt = 4-i} = | rb:rt::rg:rs = i/,. .•.SO = 5*^_ 

BT> = HR’ - R T 1 , thatia, BT i* equal to tho square root of 18’ - ({)' = ,0271 = 17-82554. 
Pressure of the wall, acting in the line GS, through the centre of gravity G = 

x i x 17-82554 x 200 = 10608-094 lbs. 

2 

17*4 

Tho centre of pressure of the water U at P, and H P = — = 5 ■ 8 ft. = C B. 

Pressure of the water = 

17-4 x 1 x ^ x 65-2 = 9211 -25 lbs. 19608 094 : 5-8 :: 9211-25 : 2 724652 = 0oi = Sn. 


In tho parallelogram C 8 a m, if the line C 8 = 5-8, represents the pressure of the action in a 
vertical line passing through its centre of gravity; Cm = 2 '724652 represents the whole pressure 
of the water acting on P, its centre of pressure. 

Tho ratio of 8 O to 8 n is termed the modulus of stability, which, in a good structure, should not 


bo much loss than $. In the present case, ~ 
Ilenee the structure is secure. 


2-724652 

5 * 


■5384, which is greater than *5. 


' 2723 . 



2326 . 2227 . 



2228 . 



A square, A B C D, Fig. 2226, is immersed vertically in a fluid, the side A B coinciding with the 
surface; if the diagonal, B D, he drawn, compare the pressure on the triangles A B D, B DC. 

Bisect A B, D C, in E and F ; join D E. B F ; take £U = ^ED, and Fjt=lBF; G and g are 
the centres of gravity of the triangles A B D. B I) C. 

D E is equal aud parallel to B F, B;/ = 2 g F = 2 E G ; tho perpendicular mg — twice the 
length of tho pc-rpcmlicular G n. 

The pressure on the triangle B C D is double the pressure on the triangle A B D. The same 
is true in the case of a rectangle, and the proportions remain the same whatever lie the inclinations 
of tho immersed planet, provided only that A B coincides with tho surface of the fluid; for the 
perpemlicular depths of the centres of gravity will be altered in the same ratio. 

Given a rectangular parallelogram immersed vertically in water, with one side A B, Fig. 2227. 
coincident with the surface ; it is required to draw from one of the angles, B.ta the base a straight 
line, B E, so that the pressures on the part* A D E B. E B C, may lie in tho given ratio of m to w. 

It is evident that the pressure on the whole parallelogram is to the pressure on tho triangle, so 
is m + ft to a. 

Pat A B = a ; A I) = B C = 4, and EC = x; .*. <i x 4 x J : 5 * X 4 x ! m + t ! n 

2 2 3 

a ft* 6* 3 n 

: x ~ 11 m + n l n x — - o. 

2 3 2 m + n 

To compare tho pressures on the rectangles AC, CF, Fig. 2228, immersed vertically in water, 
A B coinciding with the surface of the water. 

The pressure on ABCD : that on A B BF ! 1 A D X $ A D : A F X J A E 1 1 A D* l A F* ; 
,\ the pressure ABCD: the pressure on DCEF " AD* : A F* — A D*. l*ut A F = b and 
D A = x, then D F = 6 — x. 
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When the pressure on A C id equal to tho pressure on C F, then 

i* = 6* - 1 * .*. 2 x* = ft* ; or x = — - • Or 1 J V2 I ! * I ft. 

V2 

If tho pressure onABCDiatobeto tl»e pressure on D C E F, 5 to 7, then 
z’-.p-z’:: 5:7 7rf = 56* - s** .-.* = V / Aj. 


Let A 0 D F, Fig. 2229, be a rectangular parallelogram immersed in water, the side A C coin- 
ciding with tho surface, ABsa; AF = 4. F it D is the inscribed parabola ; find tho ratio of the 
pressure on the parallelogram and the pressure on the parabola. 

If G bo the centre of gravity of A C L> F, then B G = - and the pressure 
= a & x * X 62£ = a -~ x 62}. 

The area of tho parabola = \ of tho parallelogram ; B g = | ft, if g be tho centre of gravity of 
2a6 3 & 2 a ft* 

the parabola ; ,\ — — x — X 62| = — — X C2J = tho pressure on tho parabola 

aft 2aft* 

2 * 624 : “ x 62 * :: * : * 

5 : 4, is tho ratio of the pressure on tho parallelogram to tho pressure on tho parabola. 

Show that if a hollow sphere be filled with a fluid, whoso specific gravity is s, that tho wholo 
pressure against the internal surface is three times tho weight of the contained fluid. 

Lot r = tho radius ; then 4 » r* x internal surface, » as usual = 3’ 14159265. the pressure 
= 4»r* x r x * = 4 tr 1 !; tho solid content of tho sphere =: j w r 3 , and its weight = 4 wr*i. 
4 » r* s : |rr*» 1 : ^ or 3: 1 . 

y 233a 





Let G be the centre of gravity of a trapezoid A B C O, Fig. 2230, ABsn, and parallel to 
O C = ft; BC = f, and perpendicular to both A B and OC. The straight line O Y is drawn per- 
pendicular to OCX, it is required to find general expressions for the perpendicular co-ordinato* 
x = m G = O n, and Y = nQ = Om. 

Let p be the centre of gravity of the rectangle A B C D, pQ = ~ and Q O = ft — ^ ° . 

If t be the centre of gravity of the triangle OAD, then the co-ordinates of t will be 

*B = iAD = JBC = |. OR = fofOD = ^p-^- 
Area of ABOOxGn = area ofABCD x p Q 4- area of A O D x t R ; that is, 


a + 6 c (ft— a)o c c / a \ 

°-2- J ' = 0 ' X 2 + -T- X 3 y = ll 1 + a~+6/' 

Again the area OABCx G ro = area of ABC D X OQ + area of A O D x R O ; that is, 

ft-fd 2 ft — a , c(ft — a) 2 (ft — a) ft + a 2ft — a, (ft — a) 1 

c x = a o x 4- — — - — - — x = a 4- ■— 

o * o ~ o o • * o * o ~ a 


" *" 8 ~ 3(a + 6) ‘ 

Qftfs. Given in A BCO, Fig. 2231, which represents the cross-section of an embankment mado 
of brickwork, a cubic foot of which weighs 112 ibe. ; A B = 1 ft., parallel to OC = 2 ft. ; find tho 
height, B C (which is pcrix-ndicular to both A B ami OC), when the embankment is upon the point 
of overturning upon the edge at () by the pressure of the water which stands at the brim, B. 

Put u = BC, the required height, then the pressure of the water on 1 ft. length of embankment 


= c x 1 X - X 62 ■ 5 = — x 62 ■ 5. Moment of the water 


r* sc* 

: ^ x 62*5 x 3 - 0 x 62 ‘ 5 - 


If G be the centre of gravity of the trapezoid ABCO, then by tho last proposition. 


Digitized by Google 


1126 


DAMMING. 


1 + 2 

Pressure of a length of 1 foot of the embankment = — - — c x 112 = 168 r lbs. ; moment of em- 

o = Via-712 = 4 439821. Weight of 


bonkmcut = 108 v x 


11 


9' •' ^ * 62-5= 168. X " 

embankment = 168 v = 745-89 lbs. 

Que$. Let the embankment ABCO, Fig. 2232, be the same 
kb in the previous question ; now if the embankment be raised 
until H L = 3 ft, want must be the perpendicular depth B L, 
that when the part A B C O be? upon the point of overturning at 
O. at the same tirno the whole embankment. A B L II t will be 
upon the point of tumiug over tho edge through H. 

EL = DC = 2-1J = ^ HE-3-* =“ 

the moment of O ABC round the point H, will be 745-89 x 
— . If g be the centre of gravity of O C L H, then 


ran. 

B 


H F = - x 3 - 


20 

15’ 


3(2+3) 

putting * for B L, the moment of tho part O C L II round li as 
2 4-3 2G 

a fulcrum will be — ^ — (t — c) (112) x • 

Tho moment of the water acting in opposition will be x x 1 x 
j o I o og on 

/- ^ (62-5) = ^3- (* - 4-43982) (112) - + 745 89 + - • 

** - 46-592 * = - 47-73689344 ; 

* = 6 lO+A’STsm = 6-24037812. 



2 x 02 5 x 3 = g x 025 


[*] 


By dual arithmetic in any cubic equation the vnluo of the unknown quantity, as in [0], may bo 
found in a few minutes under an endless variety of forms, but each corresponding form can bo 
reduced to one or other of the roots ; in the present case z may lie found under tho form 
* = 6 1 0,3, 9, 4, 3,4,8, 5, which is also = 6 -24037812 
* may be found under tho form 5 1 2,3, 1,1 ,8&0,1, = 6 24037812. 

When we assume x of the form n It u. u, u, . . . a convenient vnluo for n is readily found by 
supposing A B II L a trapezoid, then B L must bo greater than 6, hence n was put = 6; but we 
might assume n = 4, 5, 6, or 7, and yet determine z = (>'24037812. 

The height and dimensions of any number of trapezoids forming an embankment liko A L II, of 
equable strength, can be found in a similar way. A B, O 0, H L, Ac., may be giveu any common 
difference. The labour and difficulty experienced in finding the roots of equations higher than n 
quadratic, before Oliver Byrne, the editor and compiler of this Dictionary, invented the art and 
science of Dual Arithmetic, prevent'd writers on practical mathematics from introducing problems 
involving cubic or higher equations. The student should pay particular attention to the following 
remarks ; — 


In solving equation [6] we put it under the form < 3 + 


47-73689344 


46-592. 


Because, in the dual calculus, x 1 and - become known at one and tho same time. This arrangi*- 

ment being made, it is soon found that z = 6 1 0,4,0,’5 ’uj’u/u/k,- 

In sup|xwiug «r in [1] to have a continuous range of numerical values, no now result is obtained 

by imagining r to be a proper fraction of tho form - ; for then [1] becomes [2]. 


r + - = «•; [1] 

v 


» + i = ». [ 2 ] 


Hence it is unnecessary to suppose r in [T] to have a value leas than 1-, for the same resulting 
value of k- may be obtaiued by giving to r its corresponding value greater than 1 * . If tc is negative 

then r and - must be negative ; and [3] becomes [4], 
v 

* + ;=-»: [3] [4] 


Consequently the valuo of e in [3] is the same as the value of r in [1], numerically, but negative. 
Anti, consequently, no whole numlx»r or fraction, positive or negative, substituted for v in [1] will 

render t + - numerically less tlrnn + 2 or — 2, Therefore, all such equations as c + - = ± may 

r fj 

l>e put under the form [1], in which r may l>e always considered greater than unity, without inter- 
fering with tho continuity of the numerical values of «r. From [I] we obtain [5], 



[S] 
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Sinco r is a positive number greater than 1 a ,tko left-hand member of [5] is always greater than 1 • 
but loss than 2* ; whence the right-haud member of [5], that is, w- , must have a value exist- 

p 

iug between the name limits, but not beyond. 

In supposing tr in [0] to have a continuous range of numerical values, no new result is obtained 
in stipjKwing r to be a proper fraction of tho form — - ; for then [6] becomes [7]. 


r — - = w ; [6] + * = tc. [7] 

v z 

It is therefor© unnecessary to suppose r in [6} to havo a value leas than (— 1*): for tho same 
resulting value of w may be obtained by giving to c its oorres|wuding positive value z greater 

thau 1. Nor can v in [6] be a negative whole number, for then t — - would becomo negntive; and 
equal to w which is supposed to bo positive. If j l»e substituted for v in [6] it becomes * — * = tc, 

or z — ^ [8] 

Whonee, if the value of v be known in [6], the value of z in [8] bocomos known, for z in [8] is 
equal to - in [6]. v cannot bo = + 1 or — 1 in [6], for then r — - = 0, which is absurd, for c is 
always = the whole numljor to; it being positive in [6], r must be a positive wbolo number, for if 
it be a proper fraction + - , it assumes the form [8], in which «r is negative. And if r be a nega- 
tive fraction — - , [6] assumes the identical form [7], in which z is a whole positive number. 

Therefore all such equations as v — - = ± ic, may bo solved by solving [6], in which r may bo 

always considered greater than unity, without interfering with the continuity of the numerical 
values of -f- tc. 

From [6] we obtain [9J, 


1 - 


[9] 


Since e in all cases is a positive number greater than 1, the left-hand member of [9] is always 
greater than O', but less than 1* ; whence the right-hand member of [9], that is to - , must have 

a value existing between the same limits 0’ and 1 *, but not boyond. 

When w is not considered as standing for all possible numbers U-twecn its known limits, but 

has a ]«rticular value a, greater than 2* ; that is, c + - = n ; then if a = e or a + - = n, al*> 


will - s d; for - + J = - + a = a. 


Again in r = m, then if r = 6, or fc — - = m ; r also = — , ; for 

v bo 



Irmnui I . — If */be put for any decimal fraction as * 34507888, and /, = 345(5788*8, /, = 345678 * 88, 
/,= 34507-888; Ac. 

Then, for dual numbers of not more than eight consecutive dual digits, wo have 

1.0 + /ls,) = l.o + -/) + f^ j u>+-/W) = J, <»+•/) + nr7 

i,o+7i“„) = i.o + /) + /^ [ ui+7l“..) = i.o+-/) + ^ 

All of which arc true to the required degree of accuracy. /, = '34567888; /. = 3 '45(57888; 
/,= 'M -507888 ; / 4 = 345 07888. 1, u„ = 9531018, x u, ; [, u„ = 995033, X u t ; |, «,= 99950, X u t ; 

« 4 , = 10000, x « 4 ; Ac. 

1.0 + 71’“.) = 1, 0 + 7) - 1, 0 + /r«S)= 1,0 + 7)-^ 

1,0 + 71’“,)= 1,0+7)-— ; l,0 + 7lX) = l,0 + 7)- I ^r 

Within tho designed degree of accuracy, which may bo as great as we please, these equations 
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hold exactly true, while the places of figures of the whole number / ore not greater than half the 
places in 1 + */ ; 

Example, 

1 + *50000000 
16539 


1 + -50016539 Sura. 

1 -f *49983461 Diff. 

J, (1 + -50000000) + = 1, (1-50010530) 

J, (1 4- • 50000000) - = j, (1-49983161) 

Proof. 

} , (1*50016539) = 40557538, 1 11028, 

,(1-50000000) = 40546512, [ Differences 
, (1*49983461) = 40535484, ) 110*28, 

±^1 = 11026. 

1*5 

Here it may be observed that, in the process hereafter established, to find the roots of equations 
Of all degrees, the digits of the development | u„ w a , u„ ... or of j ’u„ ’u„ ’u, . . . may be deter- 
mined in numbers not greater than 5, or ’5. 

In continuation, 


j, (1 + */ \ u 4 ) nearly equal to, but greater than J, (! + •/) + 


j, (i+-/t«.) 
1,0 +/!«,) 
I, 0 + •/!■.) 


1,0+/) + 

1, (! + •/> + 


/.«. 

! + /■ 
/■“» . 
1 + /' 
. 

1 + / - 


Examples. 

I (1 + -86733389 1 0,3,) 

867333 - 89 

4, (1 + -86733389) + = <3844005, 


t >( 1 + '-fl+r + j 

- 03849769, 


Results nearly equal, but the latter is less than the former. 

j, (1 -f -25000000 14,) = 31190496, 

1, (1 + 25000000) + = 30299713. 

Rcsulta approaching equality, but the latter is less than the former. 


Lastly, 


(1 +‘/i '„,) nearly equal to, but leas than (1 + '/) — 


/,«, 
i + r 


i,(i+-/r».) 

1,(1 + -/IS) 

i, (i + -/r».) 


Exampta, 

|, (1 + -86733389 l ’0'3) 


1,(1 + /)-/^ = 
l,d+/)-iV> 
1,0 + '/)-,A^ 

: 61062079, 


U1 + '86733389) - ^ ^ = 6105774!. 

These results are also nearly equal ; the latter, as in the former case, being less than the former. 
1, (1 + -25000000 j’4) = 15188386, 

1, (1 + -25000000) - X * = 14299713. 

Results approaching equality, but the latter is lees tliau the former, as in previous cases. 

Lcmmn II. — As in Ircmnrn I., if -/lie put for any decimal fraction, • 345678*22 and /, =3456782-2; 
ft - 345678*22 ; /, = 84567*822 : &c. 

Then, for dual numbers of not more than eight consecutive dual digits, we have 

1,(1 -•/!»„) = 1,(1 -/) + 1^1; 1,(1— f \ «„) = !, (!-■/) + 5^- 


1, O —/!«„) = 1, (1-/) + j^L; 


1,(1— /!»..) = 1,(1-/) + 


/.»» 

1 -/' 
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Those equations coincide exactly, while the places of figures in tho whole number /* are not 
greater thau half the places of figures in 1 — */. 

Examples. 

1 - *18000000 = *82000000 

1 - *18000*237 = *81000763 


9237* 

which, when taken as a whole number, gives — - 


9*237 difference, 

’112G7, the difference of the dual logarithms 


of *82000000 and *81990763, 


Proof. 


I, (1 — *18009237) = ’10856360 
I, (1 - *18000000) = ’19845003 


,(*81990763) 
, ( *82000000) 


’11267 difference. 


Ex. 2. 

1, (1 - *27702850) = *32438457 

2856* 

(1 — *27700000) + = '32438457 

For |/(1 - *2700000) = '32434506 = (*723) 


, 2856 

aud T-oq 

<2J 


'3951 

*82438437 


When the digits are of the descending branch then j, ’u, = *10536052 w, ; 1, — 1005034 a,; 

J, \ = '100050 m,; I, \ = ‘10001 w 4 ; Ac. 

i.cj— / i*«o = j i.o— = (*— /) - r^rp 

1.0— /!’%) = 1.0 —/)-£:/ I 1.0— /iX) = 10 -■!)-{—■ 

If 1 — /= 1 — -25000000; them /, - -25000000; /, = 2 5000000 ; /, = 25-000000 ; 

/, = 250 00000 ; /, = 2500-0000 ; 4c. 

Example. 

1, (1 - -30000000 1 = '35004405 

(1 - -30000000) - ~ - '35064435 

In this example /, = 30*00000 
(300 •) X (7) __ ,3000 
1 — -3 

1, (70000000) = '35007495 ; J, (1 - -29907900) = '35GG4495. 

Generally J, (I — -/l'*,) = 1, (1 - ■/) ± . holds true to tho designed degree of accu- 

racy, which may be as great as we please, while the places of figures in the whole Dumber represented 
by /. x u, are not greater than half the places of figures in 1 — ^ 

J, (1 — j\ a„) nearly =,but greater than 1, O — /) + j y • 

i,d- f \ w .. uo-n +£?-,■• 

1,(1 —/!*,.) a " 1. (!- /) + YZTf -- 

1.(1 -•/!•..> O " lO—n+^rj- 

Example. Let 1 

1, (1 - -28000000) + = '33028185 

These results approach equality, hut the latter is less than the former. 

J,(l— -28000000) - 1, (-72000000) = "32850108 and - ~~ ' ‘ '• 

Ex. 2.— Let 1 / 1 ii , = 1 — -20000000 1 3, then u, = 8 and/* = 2000000. 

1,(1 — -20000000 1 3,) =’30951877 

1, (1 - -20000000) 4- < 200 ^ 1 ' > * J = -29089437. 
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These results also approach equality, but the latter is less than the former. 

M 

Lastly, 


{, (1 - -20000000) = J, (-80000000) = '2218SM37 and l 2001 ^')* 3 = 7500000. 


I, (1 — •/ 1 '«,) nearly = , but greater than (1 — •/) — • 


t.d -■/!’“.) 
1.(1 -•/!'“,) 
J, (I -■/!’«.) 


1 .( 1 — n- 
1,(1—/)- 
1. (!—'/) — 


I-/' 

A*S . 

i —r 
/■«■ 
1 -/' 


&. 1. 

1,(1 - -280000001 ’2,) 


= ’32079490 


1, (1 - -28000000) - < 2g( | 0 W>x 2 _ .32072031 

Ex. 2. 

1, (1 - -20000000 1 ’3) = ’15758995 

l, (1 - -20000000) - ( 2(K ^°°° ) x 3 _ .14080437 

Generally, if | u, m, . . . . be a dual development, and u, h, n, either ascending or 

descending dual digits ; then if p be greater than half a, and q not greater than half n, 

l,(i + ’/!«,) = i,(i + ’/) + »',d i,d + •/!’»,) = 1,0 + ’/)-/^: 

true to the designed degree of accuracy, which may be as great as wo please. But 


It (1 + 'f\ «,,) i« nearly =, but greater than [, (1 + •/) + 


!,(* + ■/)- 


A . 

1 + /’ 

As 


! + •/■ 


Mid 1, (1 + •/!’“)) - n 

also, generally, 

1, (1 - -/l«r) = 1, (1 - •/> + Y~ f : 1, (1 —/!’«,) = 1, (1 - •/) - ~± f ; 

true to tho designed degree of accuracy ; but 


4, (1 — 'f\ u,,) is nearly =, but greater than J, (1 — •/) + 


/«« t 


•/’ 


nnd 1,(1 -’/!’«,) „ „ 1.(1 — /)— r^T^‘ 

When operating with tho digits *u, a 7 , it will be found that, in these latter cases, tho in- 
equalities are of much importance, when results arc sought in their lowest terms. 

To solve any equation of tho form 

I + ? = V- m 

in which m represents any given number, whole or fractional, positive or negative ; the coefficient 
c being also given. 


l,(l + i) = l,(c)-«l,(y). 
. .. 1 


[ 2 ] 


Wo have before shown that all numerical values of 1 -f exist between tho limits 1 and 2; 

y’ 

lienee, by putting 1, (c) - ml, (y) = 1, (2), 

l,(y) = kiO^U?>. [3] 


Again, if (c) - m 4, (y) be put = 0, then 

U<Jt) = 

from which the other limiting value of y is obtained. 


I (*) 


co 


Now suppose L to be any convenient number existing between these limits, in putting - 

= ^ - , and substituting - J u„ or - f ’u, for in [21 we havo in the first caso 
U say* 


1. (i + ;i“i,) = l,(c)-«l,^»* 
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1 


1| (* + - ) H J = !• ( c ) — ^ l. (0 + 2 l> *u 

3 


1 


1 + ' ; 
m , l 1 


y- g < 953I0,8 ’> 


or «„ = 


_ l (<•) - “ 1. ( 

jA^-^bsbmww 

Recording to the notation previously established. 

u«)-|^^a+w 


r+7.-a (W) 


in which ♦/, =/,!«„ = - !«,; 


U M - £ 1. (.),) - 1. (! + •/.) 
r+7.-^™ 

in which •/, = •/, l«„ = -/ 1 i« 11 u„ = 1 -l»„u„; 


/.) 


? (loooo,) 


[5] 


[«] 


[7] 


TO 


!+•/. 2 

in which */ 4 as •/, 1 u„ = •/ J, «„ = •/„ J u M u r u a . This process may bo continued to any 
required extent nnu to any degree of accuracy. 

When — = - j u„ u„ becomes known, y is cosily found. In ordor to find a dual 

expression for — in its lowest terms, it is important that wo are able to select either a descending 
or an ascending dual digit at any atago of tho development. 

Iu the second case, if ^ 1 be substituted for i in [21 we have 

* y* 


*•(*+; r«.) = u«> - » i, ^ 

1 

+ = *. w- = l, w + |v 

1, («) -yl. (»)-!> (l + - f ) 




- + - (10536052) 


1 + - 


«’«.,= , 

- r ^-+^(105 3 6 0 52) 

“wording to tho eslabliiihed notation. 
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“n£^ + I (1004034) 

in which •/, = ■/,]'«,= - 1 : 

TT/. + I 000050 ) 

iu which ■/, = •/, 1 V = 'fi 1 - 1 : 


[ 10 ] 


[H] 




1. (0 - ^ l.(.j t ) - 1. 0 + •/.) 
- f+V. + ~ (10000) 


[ 12 ] 


in which •/, = •/, ] = •/, ] u, = •/„ ] ’u„ ’u. 


the value of — may be found under the 

y* 


dual form j Ju„ u, u, u 4 . . . to any required degreo of accuracy, and this form may bo found in 

its lowest terms, by a direct process, without resorting to the different ayatcma of trial and error 
practised in applying all other known methoda for finding the roots of equations. See ‘ General 
Method of Solving Equations of all Degrees,* by O. Byrne. 

Hydraulic System of the Reservoir on the River Furens . — The town of Baint-Etienne ia supplied 
with water to some extent by means of a subterranean passage or aqueduct which oonveya tho 
water directly from tho springs at the source of tho Furens. In tho year 1858, for the purpose of 
protecting the town from inundations, tho French Government undertook to construct an immense 
reservoir upon this river at a cost of about 1,570,000 francs, and it was agreed that tho excess of the 
cost above 570,<HK) f nines should lie Uirne by the town on the condition that it should have a right 
to a portion of the reservoir to store up for its own use tho surplus water of the river. Fig. 2233 
shows the general arrangements adopted to secure tho proper working of the reservoir under the 
complex conditions imposed on it. 


2233. 



Previous to the construction of these works, the Furens followed the course M A P C D G 8. A 
barrage 50 metres in height bars the valley at the point C. Its section and elevation arc shown 
by Figs. 2234, 2235. At II, Fig. 2233, a by-wash BND has been constructed, and this now forma 
tho bed of the Furens, the portion A P C D of the former bod being now covered by the reservoir. 
At A and B are two water-gates or sluices, one of which communicatee with the reservoir by tho 
old bed A P, and the other with tho by-wash BND which restores tho water to tho river at D. 

Let us now see how the water in tho reservoir is utilized, and first we must remark that tho 
level at which the town of Saint-Etienno may retain its water is fixed at 44 m, 50 above the bottom 
in front of the great wall, ns shown in Figs. 2234, 2235. Above this level there is a height of 5” -50, 
which is alwnys to be kept empty to receive the surplus water in tho cose of a sudden riso of the 
river. As soon as the river has returned to its ordinary state, the surplus water is drawn off by a 
subterranean passage E' N, Fig. 2235, into the by-wash or present 1**1 of the Furens. We shall 
now sec how the reservoir is adapted to supply both tho town of Saint-Etienne and the factories in 
accordance with tho conditions stated above. 

A subterranean channel is cut in tho counter-fort against which the great wall rests, in tho 
direction of the line E F, Fig. 2233, and in this channel, stopjicd with masonry at tho reservoir 
end, aee Fig. 2235, there are two cast-iron pipes, each 'of 0"’40 in diameter, running through this 
masonry, which pipes convey the water to a bag F, bv means of nicks r capable of opening to any 
degr ee. When the water has been brought into the bay F the doublo duty of supplying the town 
and the factories remains to bo performed; to accomplish this, an open canal Vd G, Fig. 2233, 
has been constructed with a regulator-sluice at d to convey the reserved water into the bed of the 
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Furens at O, and a second covered channel F / II K, provided at / with a regula tor-sluice, conveys 
the water into the Snint-Kticmio aqueduct, either directly at II hy means of a cock, or through a 
small reservoir K L which communicates with the anueduct by a pi|>o L V, provided at V with 
a regulator-cock. Fig. 2235 gives a sectional view of tuo 
arrangements of the channel which connects the bay F 
with tho Puint-Etienm* aouoduct. 

I hiring the summer too watering of tho streets and 
the washing of the sewers is done by means of the re- 
sources of the reservoir, tho water of the aqueduct being 
insufficient for this purree. For this operation commu- 
nication is establishes! between the aqueduct and tho 
reservoir by the canal F I II K, Figs. 2233 and 2235. If it 
is required during this season, wheu tho factories on tho 
Furens are obliged to cease work for considerable periods, 
to increase tho discharge of the river, communication is 
opened with tho reservoir by the canal F c/G. 

Tho aqueduct which conveys tho water from tho 
source of the Furens is everywhere quite independent 
of tho reservoir, with which it communicates only by tho 


Section through A C, Kig. 2233. 



Section through line T E F N H K, Fig. 2233. 


channel F / II K. Fig. 2236 shows the relative positions of the aqueduct and tho Furens near tho 
point A at the mouth of the reservoir. 

Functions of the Water-gates above the Reservoir . — 

We have now to explain tho working of the water- 
gntes A and B placed at tho head of the feed-canal 
of the reservoir A P, Fig. 2233. ami the by-wash 
B N I). When the discharge of the river reaches 
the point M, where there is a scale showing the depth 
of the water, 93 cubic metres a second, which dis- 
charge corresponds to a height of 2 metres on tho 
scale, the town of Paint- Etienne begins to be inun- 
dated. Let us suppose the rise to take place when 
the reservoir is full, that is to the permanent height 
of 44® -50, tho most unfavourable case. The gate 
A will be left shnt and the gate B open so long as 
tho water does not rise above this height of 2 metres 
on tho scale at the point M, the height correspond- 
ing to a discharge of 93 cubic metres, and below 
which no injury is to be feared. In this case all 
the water will lfow through tho by-wash to join tho 
river again at D. But as soon as the water rises on the scale M alwve 2 metres, that is as soon ns 
danger Ijecomes imminent, the gate B remaining open, the gate A is opened and by its action the 
height of the water will be kept at 2 metres ou the scale 31. This is easily accomplished, as the 
gate A is constructed to discharge the difference, 38 cubic metres, between the maximum dis- 
charge, 131 cubic metres, a second of the greatest known rise, and 93 cubic metres. The excess of 
water will thus be received into the reservoir, awl will accumulate in the spoco of 5® '50 reserved 
above the line of the permanent level. 

Let us now consider tho working of these gates A and B in furnishing the permanent reserve, 
nnd to this end we will suppose the reservoir empty, which is the case at the close of the slimmer. 

In the first place it is of course necessary to ensure the regular working of the factories under 
the conditions which existed before tho construction of the reservoir, and for this we will suppose 
a discharge of 350 litres a second requisite. The depth of water corresponding to this discharge is 
marked on tho scale 31. Po long as the level of the water in the bed of the river remains Indow 
this mark, the gate A must l>e left closed, as all the water will be needed by the factories situated 
below the reservoir. Bnt as soon os the mark is submerges! the gale A may l»e opened, so as to 
maintain tho proper dentil, ami then all the excess of the discharge above 350 litres will pass into 
the reservoir by its feed-canal A P. If the flow of water that produced tho rise ceases, the gate A 
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most bo progressively closed, and entirely shat when the discharge of the river has sank to 
350 litres. 

It will be seen from this that only that portion of the water which is not required by the factories 
is taken from the river. When the Furens discharges more than 850 litres a second, the useless 
surplus is stored up, to be used in the summer when the river, os always happens in dry summers, 
discharges only from 80 to 100 litre* a second. The advantages accruing to the manufacturers from 
this arrangement will be at once perceived. 

Discharge of the Forms. — Capacity of the Reservoir . — According to the daily measurements made 
during eight years bv the engineers who constructed the barrage, in very cby years the quantity 
of water discharged by the Furens descends os low as 100 and even 80 litres a second ; the mean 
ouantity a second throughout tho year being about 500 litres. The superficies of that portion of 
the bed of tho river, situated above the reservoir, which furnishes this discharge, is about 2500 
hectares, and tho mean depth of water falling into it a year is 1 metre. 

The discharge during tho greatest rises observed in the Furens betwocn 1858 and 1808 did not 
exceed 15 cubic metres a second; but on the 10th of July, 1849, a water-spout having burst in the 
upper part of the valley, an extraordinary rise took place, inundating the town of Saint-Eticnne. 
This was the discharge which it was neces- 
sary to determine approximative! y in order ***** 

to fix the capacity of the reservoir ; this the I 

engineers to whom the work was entrusted Curve of the 1 discharge 

were enabled to do from information obtained at the rise M of 1849. 

on the spot, the value which they found for « ■ . .* ■ , , . 

this unusual rise being 131 cubic metres. lomt atM wh ich the 

Fig. 2237 is the curve of the discharges of , "fcuV 

this exceptional rise of 1849. The capacity inundation Etienne begins, 

of the empty portion of tho roeervoir ought l| | 

evidently to lie equal to the area of tho por- / 1 1 j \ 

tlon of the curve situated above the die- Sj / ' 1 1 \ 

charge of 93 cubic metres, when the inun- |: •/ | J ! \ . 

dation of the town begins, which portion is £l si J ' | « 

detached in the figure. Now this aroa is j; A l ' J iN*. 

/131 — 93\ c l / 1 • i , i X n 

equal to ( J x 3 X 3600 = 205,200 J* / j j j j j N. 2 

cubic metres. The upper portion of tho re- L v__? _ lal/la! ** ! ^ — 


discharge 
of 1849. 
i which the 


inundation of ' ®* Etienne begins. 


servoir to lie left empty for tho purpose of Axis Q f ^ 

receiving the surplus water in case of a rise 

should, therefore, be capable of containing, in round numbers, 200,000 cubic metres. 

It was seen above that the portion in question was comprised between the horizontal planes 
situated at 50 metres and at 44" *50 above the bottom of the reservoir, near the barrage, and, con- 
sequently, was 5" *50 in depth. From very exact calculations made sinco the completion of tho 
works, it was found that the contents corresponding to the permanent level of 44" *50 were equal 
to 1,200,000 cubic metres, and that tho contents oorrespontling to the height of 50 metres were 
equal to 1,600,000 cubic metres. It follows from this that the capacity of the portion intended to 
receive the surplus water is 400,000 cubic mi'troa, or the double of that required to contain the 
destructive portion of the water-spout which burst upon the Furens in 1849. A rise like that of 
1849 would give in tho reserve portion a depth of only 3 midros, corresponding to a cube of 200,000 
cubic metres, and to a height ol 47" ‘50 above the bottom of the reservoir, whilst the depth of this 
portion is 5" *50, corresponding to a cube of 400,000 cubic metres. Thus it will be seen that 
arrangements have been made so ns to remove all danger from mistakes in calculation. 

From measurements and calculations made during a period of eight years, and from the experi- 
ence of the years 1865 and 1866 hod of the reservoir itself, it has been ascertained that the permanent 
content* of 1,200,000 cubic metres are renewed twice a year, in autumn and in spring. The quantity 


required for the supplementary service of the town of Saint-Etiennc can in no case exceed 600,000 
cubic metres a vear, so that there remain to be distributod among the factories 2,400,000 — 600,000 
= 1,800,000 cuoic metres ; or 120 litres a second for six months. Thus the advantages derived 


from the construction of this reservoir are very great. We have now to explain why a barrage 
50 metres in height, that is, the highest that has ever been constructed, was preferred to two 
reservoirs with barrages of moderate height. 

In the valley in question two reservoirs would have required two barrages each 38 metros in 
height, at a cost of 1,840,000 franca, to obtain the capacity of 1,600,000 cubic metres, offered by tho 
barrage of 50 metres for a single reservoir at a cost of 1,600,000 francs. Thus by constructing only 
one reservoir a saving was effected of 240,000 francs. 

/« narrow valleys, the cost of redlining a given quantity of water increases with the number of reservoirs 
employed. This consequence, which wo have drawn practically from tho numerous comparative 
studies of reservoirs which we have made, may lie arrived at also by theory. 

Suppose the reservoir divided into horizontal portions, Fig. 2238, and let A and A' be the lower 
and tho upper sections of one of these portions, the height being K. The expression of tho volume 

of this portion would bo W = a K + — + • Tho values of a, b, c, are, if 8 and S', D and D' 

represent tho surfaces and the developments of tho perimeters of the sections A and A', 

. = x_ *D(8' — 8) (8'-B)(D--D) 

“ K (D + D ) K» (D + D ) ‘ 

When the talus U uniform a* in this cue, ire may admit only ono portion, and then K represent* 
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Division of a reservoir by 
sections — Plan. 


tho height of the contents in front of the barrage. Now wo see that tho expression of W, by sul>- 
stituting the values of a, 6, c, becomes 

w _ P (2 S' 4- 8) + P'( 2B + 8’) g 
W “ 3 (D + D') K * 

Rut here S and D, that is, the lower section of the reservoir and its 
perimeter, are very small with respect to S' and D',or tho upper sec- 
s' 

tion, and we may write, neglecting 8 and D, W = - K, which is 

3 

nothing hut the volumo of a cone with a base S', as might have been 
expected. 

Hence we see with what rapidity the volume of tho contents in- 
creases with the height, and what ail vantages may be derived from 
constructing very high linages in narrow valleys. 

There is in Spain, near Alicante, a barrage 41 metres in height, 
tho construction of which dates back as far ns the sixteenth century. 

With the excellent hydraulic lime employed by the builders of tho 

barrage of the Furens, there was, therefore, no danger to be apprehended from carrying it up to 
a height of 50 metres. 

Form and Afotle of Construction adapted for Large Dams. — Plan of a Barrage or Dam 50 metres in 
height . — We need not in this case consider earthen barrages which are of very doubtful security at 
a height of 20 metres ; at 50 metres they would, of course, be quite out of the question. We have, 
therefore, to discuss only stone Iwrrages, and the first question that presents itself is, Ought a 
barrage to l>e curvilineal or straight ? 

In France, previous to the construction of the Furens, the curved form had novej-been adopted ; 
in Spain they are nearly all of this form. Theoretically it is admitted that they cannot act as an 
arch against the pressure of the water when they have the curved form, an opinion that is open to 
grave doubts if we take sufficiently into consideration the cohesion of good hydraulic mortar. But 
there is another and we think a sufficient reason for giving the preference to the curvilineal form. 
This reason is derived from the elasticity of blocks of masonry which in the present day is a proved 
fact. And if we admit this elasticity, it is obvious that the form which offers the greatest safety 
is the curved. This form was adopted for the larrage of the Furens, and is shown in Fig. 2281b 
The versed sine of the arc forming the axis of the crown ia 5 metres, and tho chord 100 mfctres. 



With respect to the profile to be adopted, M. de 8a7.il ly had already (Anna lea, 1853) pointed 
out the only rational arrangements; but his profile was open to the objection of being constructed 
in a graduated form, which requires a larger cube of cut stone and, consequently, a greater cost. 
M. Delocre, in his pamphlet, which is far more complete than M. de Sazilly’s, has determined the 
Ians of a barrage 50 metres in height in the two cases of very 
mad and very narrow valleys, and in the two hypotheses of con- 
tinuous and graduated facings. Figs. 2240, 2241, represent the 
former case, and Figs. 2242, 2243, tho latter. 

M. Dclocrc’s profiles are nearly profiles of equal resistance 
giving a maximum pressure of 6 kilogrammes to the square 
centimetre, so that they are available for any height ; thus to 
construct a barrage 20 metres in height, it would be sufficient to 
adopt that portion which is situated below the horizontal line 
A B. Fig. 2240. 

There are in France barrages in which the pressure greatly 
exceeds this limit of 6 kilogrammes to the square centimetre. At 
Almanza, in Spain, there is a barrngo of which we shall have 
occasion to speak later, and in which this pressure is as great as 
14 kilogrammes. This barrage, which dates from the sixteenth century, is still in a good state of 
preservation, which is explained by the fact that in calculating tho theoretical typo abstraction 
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wna made of the cohesion of the mortar, and the weight of tho ihass only was considered. But the 
Theil lime, for instance, resists, after six months, n considerably greater pressure than 14 kilo- 
grammes to tho square centimetre ; it is evident, therefore, that in the ease of well-constructed 
masonry no danger is to be apprehended from subjecting it to this pressure. 

We have calculated for a barrage of 50 metres a profile for a pressure of 14 kilogrammes to the 
square centimetre, adopting, like M. Delocre, 2000 kilogrammes as the weight of a cubic metre of 
the masonry; this profile is shown in Fig. 2244. It gives as the thickness of tho base 31 “'02, 
whilst the profile calculated for (5 kilogrammes, Fig. 2240, gives 49“ , 46. We seo at once what 
enormous saving, in this case 204 cubic metres of masonry to tho lineal metre, would bo effected 
if tho nature of the materials employed warranted a pressure of 14 kilogrammes to the square 
centimetre, Vioet cement, for instance. For a pressure between 6 and 14 kilogrammes we shall 
have a type combining the facings of the two types, Figs. 2240 and 2244, by making them coincide 
at their summits, which are both 5 metres broad. Fig. 2240 gives, in onr opinion, the highest and 
Fig. 2244 the lowest limit of boldness ; it will be for the builder to van 1 between them in accordance 
with the nature of the materials at his disposal. For the barrage of the Furens, which was to bo 
of greater height than any existing structure, tho engineers wisely chose as their model the less 
bold kind. Emboldened by the success of their undertaking, they have proposed for the barrage 
which they are about to construct on the Ban for tho town of Saint-diamond an intermediate type, 
in which tho limit of the pressure provided against was 8 kilogrammes to the square centimetre. 
This type, of which wo shall spook later, has been approved by the Administration, ns well as the 
plan of the reservoir for the town of Saint-Chamond. 

3241. 


C Z D 



Scale 0“*002 to the metre. 


The type given in Fig. 2240 presents polygonal facings, and if wc consider besides that the form 
of the barrage is circular, it will be seen that these angles must have a bod effect upon the open 
facings. On this account, curved facings were substituted in tho barrago of the Furens, the profile 
of which is given in Fig. 2245. Comparing this with Fig. 2240, it will be noticed that the thickness 
has been considerably increased at the top and slightly diminished at the bottom ; this was to 
provide Against the action of ice and floods. This barrage is situated 800 mfetres above tho level 
of the sea, and in severe winters the ice is 0®*50 thick. In the event of a rapid thaw, the ice 
breaks up into large mosses, and these masses are liable to lie driven against the masonry by the 
violent gales which are very frequenl in that port of the country. It was on this account that, in 
the barrage of the Furens, the breadths of 6™ ‘52 and 10 m * 60, corresponding to the heights of 
12 mitres and 20 metres in the theoretical type. Fig. 2240, were increased to 9 m '56 and 18 1 "’©! 
respectively. Tho action of tho ice and waves is most to be feared at tho permanent level of 44"* *50, 
for above this level the surplus water of a sudden rise is retained only a few hours. By increasing 
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tho thickness at this level, it became necessary, in order to have continuous ami graceful curves on 
the (befog*, to increase also tin* thickness of the summit at the height of 50 metres from 5 to 5**70. 
Above this level there is a guard* wall to prevent tho waves from leaping over, ami to servo as a 
means of communication ft* 1 * 1 * ouc side of the valley to the other. 

In calculating for the tyj*' 
of the barrage of the Farms, 
the pressures in the ease of a 
valley of indefinite breadth, 
we see that in no point of tho 
profile dons the pressure ex- 
ceed 6* ’50 to the square cen- 
timetre: but it must lx* re- 
marked that here we are in a 
narrow valley, and that the 
thickness of the barrage be- 
gins to be equal to the breadth 
of the valley at 32 metres 
downwards from the general 
summit. At this level tho 
type of the Furons is 23* *49 
in breadth, and the theoreti- 
cal type. Fig. 2212, 23“ 10. 

The profile to bo adopted 
should, therefore, from this 
line be in accordance with tho 
profile of Fig. *2212, and thus 
in the one executed the j«or- 
tion of the masonry aeh and 
d e h, Fig. 2215, is excess. 

Hence it follows that down- 
wards from the line in ques- 
tion the proas ores must bo 
considerably less than those 
marked on Fig. 2215, which 
wen* calculated as for a valley 
of indefinite bread th . I f, t here- 
fnre, tho pressure reaches 
kilogrammes at tho lower por- 
tion of the lsirmge, it will 
certainly not exceed this limit, 
and hence we see tliat this 
barrage has been constructed 
with a considerable excess of 
rcaistanco, which must in part 

be attributed to tho timidity Seale 0"*002 to the metre, 

of the engineers, who had to 
face for the first time the ennr- 
mo us height of 50 metres. 


We come now to consider the surfaces of tho facings : the follow ing is the way in which they 
arc generated ; — Suppose the profile of Fig. 2215 placed in the vertical plane passing through the 
axis C D, Fig. 2230, in such a way that the middle point of the top, 5* *70 thick. Fig. 2215, .-hall 
fall upon the arc of the circle A C D, Fig. 2231), and the whole profile to move successively in 

1 i> 
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vortical piano* cutting each other in the direction of the vortical axis passing through the centre D, 
Fig. 2239, of the circle, the middle point above mentioned remaining during this movement upon 
the axis ACB of the circle. The stream-ward and opposite lines of the profile will truce the 
stream-ward and opposite facings of tho l»arrage. which will l>c surfaces very graceful to the eye. 
To enable scaffolding to be placed against the facings when the joints in the masonry need repairing, 
cut stones, jutting out O'" 30, have Been placed in quincunx order in tho outside facing 4"‘*60 apart. 
Those projecting stones have also a good effect in breaking the monotony of such an extensive 
facing. In the facing on the side of tho reservoir whore those projections wore impracticable on 
account of the action of the waves, rings have been placed in the same order, through which m|)ert 
may be passed to fix tho scaffolding ; these rings serve also to tio the boats to which are used on 
the reservoir. 

Mode of Construction. — The soil upon which tho barrage of tho Furens is built is mica schist. 
Tho barrage is stink info the rock at its foundations and its sides. For the foundations, all the 
loose or doubtful blocks wore carefully removed until the solid Ixxl of rock was reached which 
joins the two slojpoai against which the structure is fixed, and which, as shown in Fig. 2245, is at the 
base let into this comi»act bed. For the sides, the earth and rock loosened by contact with tho 
atmosphere where removed until, as before, tho solid rock was reached, info which the masonry is 
inserted in the same way as for the foundations. The structure may be said to be held in a vice, 
which renders any slipping impossible, and the only movement to which it is liable is the vertical 
sinking of the masonry. 

We think that for works of this nature this founding upon the solid rock l>oth at tho base and 
at the sides is a condition tine qua non, and if it is not fo be obtained, the work ought not to be 
undertaken. M. Aymard has given, in his interesting work on Irrigation in Spain, the history of 
the liarrage of Puentes; this barrage, 50 metres in height, gave way in 1802 at the base, the builder 
having conceived the unfortunate notion of founding it upon piles in an alluvial soil, instead of 
going down at any cost fo the solid rock. 

All the masonry of tho barrage of tho Furens is composed of common stone, tho finest being 
reserved for the facings, tho joints in which are irregular, befog built without regular courses liko 
the mass of the masonry. In our opinion, in structures which have fo bear a great pressure of 
water, care should be taken not fo lay the stones in horizontal courses, and bonders should bo 

f enced in all directions. Indeed, the upper surface of the work during construction should look 
ike a field studded with projecting atones; in a word, the masonry should be so executed as fo 
form a monolith. It was fo avoid breaking the continuity of the mass that the lateral tunnels 
were adopted of which we have already spoken. Ajiy opening in a barrage of so great a height 
as that of the Furens would lie a source of danger. 

One essential condition in the construction of such works is not fo employ materials of too 
different a character. Masonry consisting of cut stone and stones of regular shape sinks less than 
tho rough mass used for the inner filling. Wo continually ace in canal locks the cut-stone facings 
become detached after a certain number of years ; and when the water can |>enctrnte between the 
two kinds of masonry the facings fall with the first fmet. In walls not subject to tho action of 
water, tho same phenomenon occurs : only it is leas marked, and the facing of a wall may stand 
many years though partly detached from the mass. In a wall of the height of that of the Furens 
and subject fo the action of water, this displacement would lmve been certain and inevitable. On 
this account, one of the principal conditions of building this barrage was that “only materials of 
a similar nature should be employed and the interior should not be filled up with concrete.” This 
latter device would have separated the wall info two parts by the certain disruption of tho con- 
crete and the masonry duo fo the different degree of sinking or settling down, as it is called, and 
neither of these two parts would have possessed the thickness necessary to resist the pressure. 

All tho masonry of tho barrage, including the foundations and the fQcings, is thus of rough 
common stone. It is almost useless fo add that this masonry requires the greatest perfection of 
workmanship, and that this cannot be had except under the immediate and continual superin- 
tendence of the engineer. In some parts, where the removal of the rocks caused the surfaces fo bo 
too regular, in order fo give a firmer hold to the unison ry the following method was adopted. On 
the surface of the rock, previously roughened, a layer of Vawy cement was spread, info which 
building stones were stuck. In a few hours these stones were very solidly joined to the rock 
by tbe hardening of the cement, and by this means an excellent hold was provided for tho 
masonry. 

It was at first decided fo use Vassr cement for the joints of the facing on the side of the reser- 
voir, fo render it more water-tight; but this was discontinued after a height of about 15 metres 
had been reached, the successive introductions of water as the work progressed proving that the 
ordinary mortar held quite as woll. 

The only portions of the barrage in cut stone are the angle of the upper retreat, tho plinths, tho 
parapets, and the corbels upon the outside facing. 

The masonry was subjected fo the action of the water as the work advanced* The work of one 
season was left fo settle down and harden till tho next season, when it was submerged. It was not 
till the end of tho sea»on of 1865 that the work could bo tested by a great depth of water. At tho 
beginning of December in that year, the Furens was greatly swollen, and the reservoir was filled 
up fo the height of 46 metres. In March, 1800, this height was increased fo 47 metres, that is 
up fo the level of tho part completed in the season of 1805. These tests produced no movemeut in 
the mass nor any escajie at the sides. The only phenomenon that occurred was traces of damp- 
ness upon the open facing without any api>arent local leakage. This fact is explained by tho 
inevitable sinking of such a mass, and by the porous nature of the mortar and the stone itself, 
which becomes visible only when they are subjected fo enormous pressures. A small ditch was 
dug at the foot of tho barrage fo show the amoant of leakage ; but though 4G”’G0 of water was 
retained in the reservoir for four months, it remained quite dry. 
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In short, the rwulto of this *re«t nnclortakitiK hove b«cn in nil respects mtisfnctory. Tho 
suocoss is rendered more conspicuous by tho fact thftt important leakage, at tho siilea, whore tho 
masonry is joined to tho rock, secmtsl inevitable ; the absence of this leakage must be attributed 
to the care ami foresight with which the work was executed. We have also to call attention to an 
excellent means of preventing these lateral leakages employed at the reservoir of the Furens. This 
consists in hermetically closing with cement in tho immediate neighbourhood of the barrage nil 
the Assures in the rocks and in cementing as thickly as possible the joint in the angle formed by 
the facing of the barrage with that of tho rocks on each side. Tho comont is made to cover from 
8 to 10 centimetres of the 
rocksand the masonry. This v 
method was practised by the 
Romans on the inner angles 
of their aqueducts, as shown 
in Fig. 2216. 

Comparison of tnrio as kinds 
of Sto no Dams, — We have bcadulU. 

already state*! that a l«urage was to be con- 
structed on the Ban, a tributary of the 
Gier, for the service of the town of Saint- 
Chauntond and the factories on tho Gier. 

The profile of this Iswrago. which has been 
calculated by M. Moogolfier, is given in 
Fig. 2247 : this barrage will l>e 42 metres 
in height, that is eight less than that of the 
Furens. 

Comparing the portion of tho profile 
above the lino It S, situated at 42 metres 
below tho top, with the corresponding part 
of tho profile of the Furens, Fig. 2245, we 
see that the thickness has been considerably 
reduced ; and if we increase tho profile to 
the height of 50 metres and calculate tho pressures, we see by the figures given in Fig. 2247 that 
in no point will tho pressure exceed 8 kilogrammes to the square centimetre, a limit that may be 
adopted with the excellent Theil lime. This profile, which has been approved by the “ Adminis- 
tration," is bolder than that of the Furens, and offers a saving of 105 cubic metres of masonry a 
lineal metre. 

The curves of the pressures, when empty and when full, shown in Figs. 2240, 2244, 2245, 2247, 
enable ns to see that these curves leave tho middle curve between them, and that they approach 
it in proportion as the pressure to the square centimetre becomes less. This is shown clearly by the 
following Table; — 


Profiles. 

DUUaces 

From (he curve 1 From the curve 
of the IVt-wott* to of the Prmurea to 
the ouUlde toeing the inside facing 
when full. i when empty. 

Fig. 2240 ; 0 kilogrammes to the square centimetre 

22-76 

20 - 67 

Fig. 2245 ; 6* '30 to the square centimetre 

22-50 

2018 

Fig. 2247 ; 7 k "30 to the square centimetre 

12 00 

10 00 

Fig. 2244; 14 kilogrammes to the square centimetre .. 

710 

9-10 


It will be seen that for the same general type the more the limit of preasnre is increased tho 
nearer the curves approach tho linea of the facings and, consequently, recede from tho middle line. 
The conditions of stability, therefore, necessarily diminish in proportion as the limit of pressure to 
be adopt**! is increased. It will be for the builder to consider well the nature of his materials and 
the circumstances of the place before fixing this limit, and then to choose one of the profiles which 
wo have been examining. 

Let us now compare some existing types of barrages with those which we considered in connec- 
tion with the barrage of the Furens. Figs. 2248 to 2253 represent some Spanish barrages from 
designs which M. Ayraard has given of these structures in his work on Irrigation in Spain. 

The first thing that strikes the attention is the colossal proportions of these structures, with the 
exception of the barrage of Almanza, Fig. 2251, which is the oldest. This barrage is of unusual 
boldness, at least in its upper portion, which throughout a height of 8“ *20 has a mean thickness 
of only 3™ '50. Five of these barrages, those of ruenti-s, Val de Inflerno, Nljur, Almanza, and 
Alicante, are of the graduated type represented by Figs. 2241 ami 2243, and one only, that of Elche, 
Fig. 2252, is of the type with continuous facings, the theoretical form of which is given in Figs. 
2240 ami 2242. 

Calculating in these theoretical types the cubes of masonry corresponding to the heights of the 
several barrages, and taking into account tho pressures at tho outer edge when loaded, which 
pressures wc have calculated for each of these barrages, we obtain the following comparative 
Table ; — 

4 d 2 
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Height 
of Ute 
Bar. 
ragt*. 

Name of Barrage. 

Maxi- 
ntum 
Pressure 
to the 
square 
centi- 
me ire. 

Cubes of Masonry lo the lineal 
metre of Barrage. 

According According 
According to the to the 

to the theoretical theoretical 
type | type of type of 

executed. Kiga 2211 Pig*. 2240 
ami 2243. and 2242. 

mr- 

fcrencM. 

Observation*. 

mctnu. 


kilo*. 

cub. met 

cub. met. 

cub. met. 

cub. met 


50-00 

Barrnges of Puentes 

7-90 

1519 

1029 


490 

Graduated facings. 

35-70 

Barrages of Vul de Infiomo 

G • 50 

1084 

391 


693 

„ 

27 50 

Barrago of Nijar 

7*50 

499 

308 


191 

„ 

20 70 

I tarrage of A 1 manza 

14(H) 

139 

141 


-2 


23-20 

Barrage of Klcho .. 

12-70 

213 


187 

56 

Continuous facings. 

41-00 

Barrage of Alicante 

11-30 

1100 

5GG 


534 

Graduated facings. 


We see that these groat pressures might have Wn reduced, by adopting the rational type, to 
the lower limit of 15 kilogrammes to the «|unrc centimetre, with a large gain in the masonry in all 
except the barrage of Almanza; and in this case with the same cube within 2 metres, wo might, by 
n better arrangement, linvo reduced the pressure from 14 to G kilogrammes. 



barrage of Groa-bois. barrage of Alicante. 


Figs. 2254, 2255, represent the barrnges of Uosmeleac and Gros-Bois. The former of these two 
profiles is similar to the type of Figs. 2240 and 2242, and the latter to that of Figs. 2241 and 2243. 
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The profile of the (mirage of Bosmcleac gives a cube of 90 cubic metros to the lineal metre, anil a 
uroaauro of 6 k *09 ; the profile of Figs. 2240 and 2242 would give for the height of 15 mMres, which 
is the height of this barrage, n maximum pressure of 6 kilogrammes ami a cube of 91 cubic metres. 
Tho barrage of Boemeleac is thus well designed. As to the barrage of tims-Boi*. its profile is the 
ino.-t irrational of all, ami it is tho only one in which the two curves of the pressures leave tho 
middle one on tho same side, the curve of the pressures when loaded passing within 3 metres of 
the lower outside edge. Besides this it gives, with n pressure of 10 k '40, an excess of masonry equal 
to 2215 — 156, or 70 cubic metres above the type. Figs. 2241 and 2213, applied to its height of 21 m 80. 

It is obvious that if the profile of this barrage were tunnel tho other way, with the retreat* or 
gnulntinu* on tho outside* instead of on the water-side, it would have deviated from the theoretical 
type only bv an excess of resistance. 

The faulty arrangement of the profile of this Imrrago must, in our opinion, have tended con- 
siderably to cause tho giving way of the masonry which has occurred, aud which has necessitated 
the erection of counterforts. 

Our readers will perceive, from what wo have said on the subject of lmrrngea, the ini|K>rtanco 
of selecting a go**! profile, and we hopo tlxat we have practicully demonstrated by the experiment of 
the barrage of the Furen*, the superiority of the form of profile arrived at tlu-orcticnlly bv M. Deloore. 

The Form of the Profile to lx adopted for Lanje Stone I him.*. — W' have already had occasion to 
refer to the treatise of M. Delocre on tho form of stone dams: in tho following pages we will 
reproduce the method* of calculation by which he arrived at his decisions. 

Type of lto ttlinetd Jlarraye >jt /Aim in I 'alleys of considerable Breadth. — Condition of Stability , — A 
barrage which does not transmit laterally to the sides of the valley the pressures which it supports, 
must resist these pressures in all its |*>ints by its own weight We may, therefore, in seeking the 
conditions of stability of a structure of this nature, consider a single section only equal in length 
to a lineal unit. If the materials employed were of indefinite resisting power, a* well as the soil 
of the foundation, and if there were between them an unlimited degree of adhesion, the only condi- 
tion of stability to bo fulfilled would bo to give to the wnll such a profile that the resultant of the 
thrust of the water and of the weight of tin? structure should jmiss within the polygon of the base. 
But this condition is not nuflleient in practice ; the material* and the soil of the foundations will, 
in fact, support only a limited pressure deluding u|»on their nature, and they have not between 
them an unlimited degree of adnesioii. Hence the two following indispensable conditions; — 1. In 
no point of the structure may the materials employed, or the soil of the foundations, be required to 
Isiir too groat a pressure ; 2. Tho several courses of masonry in tho wall must bo incapable of 
slipping one over another, and the wall must )>e inca|iable of sliding ujion its base. 

Hitherto nono of the walls that liave given way have done so by slipping; these accidents lmve 
occurred in nil cases from the first condition not having been fulfilled. We shall, therefore, in tho 
study on which we are about to enter, determine first the dimensions of a barrage with respect to 
this condition, and then ascertain if the second is satisfied. 

A B C D, Fig. 2256, being the profile of a barrage, any section of this barrage equal in length 
to a lineal unit may be considered as subject to the uctiou of two forces ; the vertical oompoueut F 


225 «. 2257 . 

0 C I 



of the resultant of the weight of tho structure and of the thrust against the facing DA, and the 
horizontal component F of the thrust. These two forces produce a resultant It which cuts the base 
A B in the point E. The force R may be considered a* applied to the point F. and resolved into 
two at this point, the vertical force being equal to tho force P and the horizontal equal hi the enm- 
jionent F. Tho horizontal force tends to cause the wnll to slide ujxm its foundations ; this effect 
wo will consider later. The vertical force spreads itself over the base from the extremity B, which 
is nearest the point of application of tho resultant, according to a decreasing law. 

Denoting the breadth of the base A B by I, and the distance B E by u, the pressure p' at the 
point B will be given by one of the follow ing'formuloj ; 


■(■-¥)?• 


[i] 


2 P 
3m* 


[*] 


according as u is greater or less than - l. 


Those formula* follow naturully from those given by O. Byrne in his ‘Essential Elements of 
Practical Mechanics,’ page 230; 


page 

;(!+•») [•] 


l ,= „ * 


♦ 


3 Cl — ») 


1*1 
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and which apply to a homogeneous rectangle pressed by a force acting upon one of tho symmetrical 
axes. 

In these formula) N represents the whole load, fi the whole area of tho surface, and » a quantity 
which, with our notation, is equal to — ~ — • We have represented the load N by P and tho 
surface fl is replaced by /. 

Making in the above formula) N = P, fl = /, n = - — , and substituting p’ for p, they bccomo 


+ T)V * = 1 


2 P 

V — 2 u\ ~ 3 u ' 




The formula [a] is applicable when n and consequently formula [1] is adapted to the < 
in which 1 < ^ , that ia, u > ?• /. 


The formula [d] is applicable when n < £ , and consequently the formula [2] is adapted to tho 

o 

case in which '~ 2u that U, u < ? {. 

I i> 3 

The stability of the wall requires that this pressure at the point B bo equal to or leas than the 
limit of pressure R' which each superficial unit may be mode to near. Wo ought, therefore, to have, 

according as u is greater or less than i /, 


and this condition should be fulfilled for each horizontal section made in tho profile, neglecting the 
force of cohesion in the mortar, which is unfavourable to resistance. 

The expressions [1] and [2] may be put under another form by introducing into the calculation 
the maximum height a that may be given to a wall with vertical sides, so that the pressure upon 
the base shall not exceed Uie limit R*. Indeed, representing the density of the masonry or the 
weight of tho cubic metre by S', we have It' = f A. 

And tho expressions [2] and [3] become 


2 2 


8u\ P — 

/ /«'/< 


A 


[5] 


2 

3 


P = 
tfu < 


A. 


[ 6 ] 


The preceding conditions would bo sufficient if tho reservoir were to be always full of water, 
but the wall must be capable, when the reservoir is empty, of supporting its own weight without 
being subjirt in any of its points to n pressure, by unit of surface, exceeding the limit 8' A. In 
this case the resultant of all the forces acting upon the wall is reduced to tho weight P ; and, 
denoting the distance K' A from tho vertical passing through the centre of gravity of tho figure 
A B C D, Fig. 2256, to the nearest extremity A of the lose by w, the pressure at A will bo given 
according to the case by the formula* [1] and [2), and the stability of the wall will require that 
one of the relations [5] and [G] be satisfied when P' is substituted for P. 

Form to bo given to ti Wall haring its own tr eight only to support . — To examine the subject from 
every point of view, it is important to know what form should be given to a wall having only its 
own weight to support, so that no point of the masonry may be subject to a pressure above the 
limit adopted. 

It iM clear that so long os the height of this wall is less than the limit A, it will be sufficient to 
give it vertical facings, and that the pressure to the unit of surface in the lower j»art will not 
exceed 5' A. If the wall is to be higher, vertical facings may l>e adopted throughout a distance 
from the top equal to A, and from this point the thickness of the structure must bo increased to 
prevent the pressure upon any horizontal section from exceeding the limit V A. 

The form to be given to the facings to satisfy this condition iB easily determined. We might 
choose arbitrarily one of the facings of the wall ami determine the other; but if we wish to obtain 
the minimum cube of masonry, we shall give the wall a symmetrical form with respect to its axis. 
It is clear from the fonnube [1] and [2] that the maximum pressure p cannot acquire a value less 

P II 

than — ; u being by hypothesis greater than — , or at least equal to - , and that this minimum 


value is reached for u = 


1 

2 ‘ 


This being allowed, the curve sought, I) N Y. Fig. 2258. must satisfy the condition, that if in 
any section M N the pressure to the unit of surface is equal to a given quantity, this pressure will 
remain the same for a section M'N', infinitely near. This condition will evidently Is? satisfied if 
the increase of the surface? of tho base is proportional to the increase of the pressure, or, as all is 
symmetrical with respect to the axis OS, if the increase of the half-surface LN is proportional to 
the increase of the pressure upon this lialf-surfaoo. 

This condition is expressed by the equation dp = KrfB, P representing the pressure exerted 
upon the half-section L N by the upper part of the structure, and B the surface of this section. 
Representing by b the dimension of the wall in tho direction perpendicular to tho sectiou under 
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consideration, by x the breadth LN, or the abscissa of the curve sought, DN Y, and by y the 
distance from the section M N to a horizontal lino taken os the axis of x, we havo 
dB = dbx, dP = Vbxdy. 

The differential equation of the curve DN Y is therefore Vbxdy = Kbdx, dy = ^ . 

O X 

The constant K expresses the limit of pressure to tho unit of surface, and, consequently, it is 

d x 

equal to S' A ; the equation thus becomes d y = A — - , or, integrating, 

y - y. = » log- (~J; [7] 

thus tho curve D N Y is logarithmic. 

d y a 

If we make i, = A, the two equations above give ~~ = I, and y 0 = 0. 

d r 0 

So that tho origin of tho co-ordinates should bo taken at tlM> point where tho value of x is 
equal to A, and in this point the tangent to the curve makes an angle of 45° with the axis of 
the x*s. 

Substituting their values for x 0 and y^ equation [7] becomes 

y = Alog.?, [8] 

or, passing from hyperbolic to common logarithms, y = 2*302658509 A log. 

The complete curve, which has as an asymptote the axis of the y’a, would give tho form of tho 
facings of a wall indefinite in height, for which the pressure to tho unit of surface would be equal 
to the limit K upon any horizontal section. 


2238. 2239. 2260. 



Fig. 2259 shows the curvo constructed, admitting the limit of pressure adopted for the masonry 
to bo 60,000 kilogrammes to tho square metre, or 6 kilogrammes to the square centimetre; ancL 
supposing it be required to give a breadth of 5 metres to the top port of tho wall, we have 

K = 60,000; 

and admitting the density of the masonry to be double that of water, say «' = 2000, we havo 
A s 30; the equation of the curve becomes y = 2*3020 x 30 log. 

It must not be forgotten, in making use of this formula, that tho direction in which the »/’s aro 
usually reckoned lias been reversed; in other words, tho increment dy has been reckoned with tho 
sign + downwards. The valrnw of y negative must therefore be taken in the direction L O. 

It will be seen from Fig. 2258 that if a wall 50 metres in height and 5 metres in breadth at 
the top has a breadth of 9™ *735)2 at the base, in no point will it have to support a pressure abovo 
the limit of 6 kilogrammes to the square centimetre. 

Substituting right Hues for the ares CMH, D N Y, the breadth to be given to tho wall at its 
base would bo 10 metres. Fig. 2260 is constructed on this hypothesis. 
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The eqUAtiou giving the breadth x of tho baae U immediately found, 

£$0 x 5 + 20 = 2000 X 30. 

Tho influence of tho concave profile which we have given to tho wall may he clearly aeon by 
finding the thickness to bo given to tho base in the case of rectilineal facings inclined from the 
summit. 

This thickness, putting II for tho height of the wall, and a for the breadth at the top, will be 
given by the equation, Fig. 2261, II ^ ~ = &' K whence x = ~ 

It will be aeon that for H = 2 A, x will become infinite, and that for any value of II greater 
than 2 A , A will be negative. Whence we infer tlint the maximum height that may be given to a 
wall constructed with rectilineal sides inclined wiually from the top, without exceeding tho limit 
of resistance in the masonry, is twice that of a wall with vertical sides. 

Admitting 6 kilogrammes to the square centimetre as the limit of pressure, the limit of tho 
height to be given to the wall is 60 mi tres ; this limit is reduced to 40 metres, if we take 4 kilo- 
grammes to the square centimetre as the limit of resistance in tho materials. 

Making U = 50 metres, and a = 5 mi tres, ns in Fig. 2260, we find x = 25 metres. Tho breadth 
of tho wall at the base is therefore 25 metres, instead of 9* "739. 

Tho preceding results show of what imj>nrtance it may be not to have anv point in a structure 
at which the pressure is much less than that taken as the limit ; by uselessly admitting excesses 
of thickness at certain points, it soon happens that we are unable to maintain the pressures within 
the required limits at other (mints. In the following considerations we shall endeavour to find a 
profile of equal resistance, or at least one that shnll deviate but little from such a profile. 

Stability of a \\'<iU harin'/ to support a Ixtad of Water. — Theoretical Profile of Equal Resistance . — 
We saw, Fig. 2256, that if A BCD represent a wall having to support a pressure of water, 
the conditions of stability in this wall are given by one of the relations 


‘(-t) 


»«\ P = 

*•/<' 


[5] 


2 J1 = 

3 !'h < 


[«]. 


noconling iu» we have u > ^ /, nr u < ^ /. 

3 o 

Keeping to the limiting values which correspond to the sign =, we shall have for the equations 
giving the conditions of stability 

2 ( 2 ~ t) ri = *• m 5 A- mi 


Substituting in the formula’ [9] and flO] for the quantities a, /, and I\ their respective values 
as a function of the height of the wall, of its reduced thickness, and of the inclination of its sides, 
wo see — 

1. That the profile offering the least thickness, while satisfying the conditions of stability, is 
that, the face of which is vertical on the side of the water and inclined on tho opposite side. 

2. That when the height is increased, the reduced thickness increases less rapidly, so that a 
profile constructed with a vertical facing on the side of the water, and with a talus on the opposite 
side, combined so as to satisfy the limiting condition of stability for its base, will offer an excess 
of stability over the surplus height. A wall satisfying the limitiug conditions throughout its 
height will therefore present, with n vertical face ou tho side of the water, a concave curve on 
the opposite aide. 

3261. 2262. 2263. 



Let us sup|ONe for a moment this curve constructed, and let A C N B, Fig. 2262, l>e the prnfilo 
determined by the condition that for each horizontal section M N,the pressure is equal to the limit 
It which it is required not to exceed. 

This profile would have sufficient resistance if the reservoir were always full, but we have to 
take care that the pressure arising from the weight of the wall do not exceed the limit It' when tho 
reservoir is empty. It is certain that this pressure will not be exceeded for the face C N B: indeed, 
the developments into which we have already entered show that the effect of the thrust is to drive 
towards this side the vertical cmp-innt equal to the weight of the wall : it remains, therefore, to 
be seen if the limit R' is reached in any point of the face CM A. If wo refer to tho calculations 
which wo have already made with respect to the stability of walls having only their own weight to 
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support, we shall see that this limit will bo passed at a very small height. It will bo necessary, 
from the point M whoro the limit R' is reached, to carry out tho wall according to a curve MLS; 
from the section M N tho two curves N I* It, M I. 8, should be determined by the condition that for 
any horizontal section L P, the pressure at tho point P when tho reser- 
voir is full should bo equal to It', and, when the reservoir is empty, ‘ 

equal to the same limit at tho point L, v ■ ■ , -! >— , g 

To solve the question completely, it only remains now to determine A j 
exactly tho two curves C N B, M L K. .Wj 

Let us take as tho axis of the x’s, Fig, 2264, the vertical face A B I L 
of tho wall, and for the axis of the y’s, the perpendicular A y to this 
face passing through the summit, and lot M bo any point in the curve. [IpSk. r 
If B M ^ y aud M =■ x , tho problem to be solved is to find a relation iPraflV 
between x and y which shall be tho equation of tho curve. 

We shall continue to consider a section of the wall of a unit of length m 
in the direction peri»omUcuIar to tho figure. This wall is acted upon by B® 
two forces; its weight P and the thrust F. These two forces aro repro- ] p -fbt 

seated by the following expressions; P = 8* ydx, F = • ; \ 

The curve A N L should be determined by the condition that the ‘ ^ 

pressure in M to tho unit of surface is to be equal to tho limit A S’, which must not be exceeded. 
This condition is expressed according to the cases by one of tho equations [9] and [10}. 

We have t y, and it remains to determine in functions of x and y, the quantity u = E M. 
Now E M — K M — K E. The two similar triangles OKE, OPR give 
KE OK KE _ x 
PR~OP’° r F “ SP" 

Wheuce, substituting for F and P their values, and for brevity making — = 0, wo deduce 


6 f,V** 

Again we liave K M = y — B K. 

B K is the distance from tho centre of gravity of the area A B M N to the axis A x ; this 
distance is obtained by considering that the moment of tho total area with respect to this axis is 
equal to the sum of tho moments of the elementary areas such a b abed. 

B K/’j, d x =/ o ' = i /’ ,» d x. Whence B K = 111 ; 

z / 0 » rfx 

2 ytl »* d x — J* y~dx 6w f* y dx — 3 /V d x — 0x* 

consequently, KM =y-BK = — — • - — , and •* = — — — # — . 

2/ o ydx 6/ o r ydx 

This value of u substituted in oquation [9] gives 

3y^y*dx-2y/Jyd*-Ay* + 0**:=O. [11] 

The same value of u substituted in equation [10] would give 

4 - 6 Ay Slydx + 3 a/' y*rfx + A 0x^ = 0. [12] 

W'c have endeavoured to integrate the formuh© [11] and [12] by an exact method, but without 
success ; we have been ablo to obtain y developed only as a series in function of x ; the scries 
belonging to equation [11] is of the form, y = ax| + 6xl + cxi + dxl-f- cto. 

The series belonging to equation [12] is of the form y = c x + 6x* -b c x* + dx 4 + ex 5 4- etc. 
Wo had calculated the coefficients of the first terms admitting for 0 and A the values 

0 = ~ , A = 30 ; but it seems to us useless to reproduce these calculations here ; the above formula) 

are, indeed, of no use in determining a practical profile : they are ap* 2245 - 

plicable only to the portion C N of the inner curve of Fi^. 2263. and 
the calculations into which we should bo led in determining the two ,k , 

curves N P B, M L 8, of the lower portion of the profile are quite im- ^ 

practicable even if we have recourse to approximative methods. /■ 

Coruiitiotis which Profile) of Barrages must satisfy in practice . — We 
shall avoid the difficulties of integration, and solve, in a manner suffl- W J‘ I ] V 

ciently accurate for practice, the problem of finding a profile of equal wl 

resistance by replacing tho curves C N B, MLB, of Fig. 2263 by the . ML. * 

polygonal circumferences C 6' 6" N n n" B, M m’ m" 8, of Fig. 2266 ealeu- 

la tod for the condition that for each horizontal section such as . 

passing through the corresponding summits of the polygons forming the 
profile of the face, the pressures to the unit of surface in n and m ' 

according as tho reservoir is full or empty, aro to bo equal to the limit B\ The smaller those 
horizontal sections such os c'6', c" 6", the less will the circumferences differ from the curves corre- 
sponding to an exact solution. This solution offers no difficulty, as we shall sec later. 
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But before proceeding farther we must remark that if the profile of Fig. 2263, supposed to be 
calculated in an exact manner, wero sufficient theoretically to resist the load of water which it 
would be required to support, a thickness that became nul at the summit could not be admitted in 
practice. Inc masonry in the upper portion of tho wall must be capablo of resisting the action of 
waves, and if it have sufficient dimensions to serve os a passage for vehicles, or, at least, foot* 
passengers, something will be gained in point of convenience. 

These considerations lead us to substitute Fig. 2266 for Fig. 2263, having in its upper portion a 
part C I) B A with vertical sides. In this part the masonry will bo subject to pressures less than 
tho limit It'. The method of calculating this profile would be analogous to that employed for Fig. 
2265 ; but the breadth C D at the top of the barrage being determined, we must begin by calcu- 
lating the height A D for tho condition that the pressure to the unit of surfuoo at the point A when 
the liarmge is full shall be equal to the limit It'. 

The height is readily calculated by the following method Let CD = n, Fig. 2267, the breadth 
chosen for the top of tho barrage, and DA = r tho height to be calculated. 

When the reservoir is full, the upper nortiou CUBA of the barrage is subject to two forces, 
its weight P ami the thrust F ; these two forces produce a resultant R cutting the base B A in tho 
point K ; the resultant is decomposed into two at this point, a horizontal force tending to make the 
part C D B A slide upon the plane BA, and a vertical force equal to P ; this latter force spreads 
itself over the baso A B according to a law which we have already alluded to. 

By expressing the pressure at tho point A as equal to the limit R' = A 8* which is not to be 
exceeded, we shall put the problem into an equation ; this will lead us to one of the equations [9] 
and [10] found by solving a similar question. 



We have now to express in these equations the quantity u = A E as functions of the lengths a and x. 

vr i . ^ a _ __ . „ _ OKx PR xxF 

Now wo have AE = KA — EK = - - EK, and again K E = ^ = “jj-p" • 

But P =flx!*, and F = — • Therefore K E = • And consequently, 


_ a x* 8 

“ ~ 2 ~ flair 


_(3a> -**■). 


[13] 


Substituting this value in the equations [9] and [10], we deduce aB the equations connecting the 
quantities a and x, remarking that l = a ; 

0x* + a*x -a* A = 0. [14] 6Ai* + 4a* x — 3 A a* = 0. [15] 

We must employ equation [14] or equation [15] according as a is greater or leas than ^ , or, 
which is tho samo thing (as may be seen by referring to the valuo of u given abovo), according as 

a* 

x* is greater or less than - • 

Having determined tho upper portion of the profile in this way, tho other two portions ANT, 
B M 6, Fig. 2266, may be calculated by the method indicated for Fig. 2263. 


22U. ««• IMS. 



•p 


The difficulties of integration will be avoided by substituting polygonal lines for the curves 
A N T, B M 8, as shown in Fig. 2268, and the smaller tho horizontal sections into which tho bar- 
rage is supposed to be divided, such as m'n, m"a", the nearer will the profile approximate to ono 
of equal resistance. 

The calculation of this profile offers no difficulty ; it ia, however, of great length. We will give 
later the formula arrived at. 

To determine a practical Profile . — The important matter in constructing a barrage is not to allow 
in any point of the structure a pressure greater than the limit R’, but it is obviously not indis- 
pensable that this pressure should Is? reached in every )>oint. and plain that profiles may bo 
admitted which deviate slightly from one of equal resistance if they offer other advantages. 

We see at a glance that the execution of facings such us those of Fig. 2268 would offer snmo 
difficulty, and that the frequent change of inclination which they present would not produce a very 
happy effect. A more practical form will be obtained by lessening the number of aectious into 
which tho wall is supposed to be divided. 


Digitized by Google 


DAMMING. 


1147 


This consideration leads ns to calculate a profile of the form of Fig. 2269. 

The method of calculation will be the same whatever the height of the horizontal sections may 
be. And it will apply with slight modifications to the determining of the profile of equal resistance 
by the approximative method. 

The profile of Fig. 2269, like that of Fig. 2265, divide* itself naturally into two parts, one C 1) A B, 
in which the face on the side of the 

water is vertical, the other A B, A'B', a, °- 

the facings of which are inclined on 
both sides. One of tho horizontal 
planes dividing the profile into sec- 
tions must be made to inis* through 
the point B from which the inside face 
is inclined ; the first thing to be calcu- 
lated is, therefore, the height C B. 

We will 8 up|)oso in the first place that 
the outside facing slopes regularly from 
D to A, as in Fig. 2270 : the problem 
will be expressed as an equation by 
making tho pressure to the unit of 
surface at the point A when the reser- 
voir is full, and at tiie point H when 
tho reservoir is empty, equal to the limit R'. 

Denoting the weight of the portion 0 D B A of the wall bv P, the thrust by F, and the distance 
A E by u, the equation expressing the abovo conditions will bo one of the following ; 



2(2 


S»\_P 

1 )ri 


= \ 


[9] 


2 P 

3 af-** 


[ 10 ] 


according as w is greater or loss than - . 

Let C D = a, C B = z, and A V = x. We shall havo first, 

P = F = “2'' ' = ° + ** « = AE = KA-KE. 

Now we have 

„ „ ^ Tr F **8 z'd 

k E — O k X p — g (2 a + x) V “ 3 (2 a + x) ’ 

We shall obtain K A by considering that the moment of the whole weight of the figure CBAD, 
with respect to the point A, is equal to the sum of tho moments of tho two parts B C D V, D V A, 
of which it is composed. 

^ 4 ( 2 a-f *)*«* ( 2 x + a)a*r t *** 8 ' 

KAx ^ = 2 + ~ 8 “* 


P1 2x(x + 3a) + 3a« .. 2x(x + 3a) - 0 ** + 3a* 

AVhc 4 .cc we deduce, k A = — v g (J o + - } , and, c«*quenUj, . = 3 ^^ 

This valuo of u substituted successively in the equations [9] and [10] gives us the two 
following ; 

0 ** — Ax* — 2oAx + a’ * — A a* = 0. [16] 

x** — 2Ax*4-4ax«q- 0 A x* — 6aAx + 4a* x — 3 a* A = 0. [17] 

Equations [16] or [17] will be employed according as u is greater or less than 


Hitherto wo have only one conation Ix-twocn the unknowns x and z, but we may obtain a second 
by expressing the pressure to tiie unit of surface at the point B whan the reservoir is empty as 
equal to the limit It'. This conditiou will always be given by the relations [9] and [101, but tho 
quantity u will not remain the some ; the thrust of the water no longer existing, the vertical fore© 
r acts in the direction O P, and wo have u:BK. 

This quantity is immediately deduced from the preceding calculations; we havo 


* = BK = AB-AK 


x(x + 3«) 3 a* 

3(2« + x) 


Substituting the preceding value in the expressions [9] and [10], wc obtain the two equations 
x*x — Ax* + 3<zxx — 2aAx + u* x — A a* = 0, [18] 

x** — Ax*-f-4axx — 3 a A x 4- 4 <i* x — 8 a* A = 0. [19] 

The values of x and z may bo determined in each particular caao by combining one of tho 
equations [1C] ami [17] with one of the equations [18] and [19]. This operation must be effected 
by tentative experiments, for the value of u being a function of tho unknowns, we cannot ascertain 
in a precise manner a priori which equation is required. It will be necessary, in this case, to havo 

recourse to an hypothesis on the relation of the valuo of u to that of r - . Having eolved- the two 

3 

equations chosen in accordance with this hypothesis, wc must verify tho supposition, and if it ho 
untrue we shall be driven to take those of the conations which suit the values found for u and z, 
which, though inexact, will be near enough to enable us to choose tho equations that will determine 
the tme values. 
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The equation* [1G], [IT], [18], and [10] being of the third degree, by combining two of them, 
wo shall be led to the solution of an equation of the sixth degree. This solution will offer no 
difficulty in practice, the equation* to bo dealt with being numerical. Supposing, for example, the 

two value* of u, A E and BK to be leas than ^ , the equation* [17] and [19] must be com* 

bined. Equation [19] being of the first degree in z f wo may deduce from it the value of this 
unknown as a function of x ; and substituting it in equation [17] we shall obtain the following 
final equation ; 

x* + 1 1 a x* -f (48 a* - A* 0) x* + 2 a (52 a* - 3 0 A*) x* + a* (1 12 a* - 1 5 0 A*) x* 

+ Ga* (Sa^aeK^x -90*^6 s 0. [20] 

The values of x and z being found, the portion C D B A of the Iwtrmge, constrnoUd by mean* 
of these values, possesses this property, namely, the pressures to the unit of surface iu the points A 
ami B according os the reservoir is full or empty are equal to the 
limit R', and wo are at the mine time certain, as was shown in our 2271. 

considerations on the profile of equal resistance, that the pressure in 
any point a of the face D A is leas than the limit R\ 

It will be very wwy to ascertain what pressure is l>onie by any 
point of the fneo DA; if it happen that in certain points the differ- 
ence between this pressure and the limit K' is considerable, a marked 
advantage will be gained by sulNlividing the height CD into two and 
calculating a profile of the form of Fig. 2271. This calculation may be 
effected in the manner we have already pointed out, and will offer no 
difficulty whatever. 

In this case, for the upper portion C D M N of the profile, the 
height CM is given ; the only unknown 1* V'N sr t, and as the praa-v 
sure in M when the reservoir is empty is necessarily less than R\ we 
have only one equation for determining x; this is evidently one of the 
equations [1G] and [17], in which the value A chosen as the height C M 
will lie substituted for the unknown z. 

The value of x will therefore be given by one of the following equations ; 

A x* + 2 a A x + A. <i* — 0 A* — a* A = 0, [21] 

(2 A — A) x* -f 2 (i (3 A — 2 A)x -f 3 a* A — 4 a* A — 0 A A* = 0. [22] 

The portion M N B A of the profile may bo determined by employing a method analogous to 
that followed in calculating the profile of Fig. 2270, taking as unknown the height MB = * and 
N A = x. 

The equations of the problem will always be the relations [9] and [10], in which the quantities 
P, /, and u, will be expressed ns functions of the data of the question. 

Representing by « tho surface of the upper portion M CD N of the profile, by 0 the distance 
N G from the vertical passing through tho centre of gravity of this portion to the point N, and by 
b the length M N, wo shall lrnvo 

¥» , **# /2*-f 26* -f *x\ (A + *)*8 . , T .. KV , 

— y - j 3 F= - — ^ — , /=6-fx, «=AE=x+vK-KL. 

K E will be given immediately by tho relation 



KE 


0K *hsw 


<» + *)■» 


(A + •>>’« 


> + 26i + **)«’ 3 (2 > + £»> + >*) 

V K may be found by considering the moment of the resultant r of the vertical forces with res|>ect 
to the poiut N as equal to the sum of tho moments of the components with respect to the same point. 

P x VK = fisV + 6»J’ x j — X 1 


whence wo deduce, substituting the valno of P, V K = 


the equation u = x-f VK-KE gives u = 


3’ 

60s + 36*x — zx* . 

— — — . And, consequently, 

3(2» + 26* + *x) ’ n * 

3 x( 2 s + 26r + z x) + 6 0 j + 3 b* z-z x*-(A + *)*J 
3 (2 $ + 2 6 » -f s x) 

Substituting the values of P, /, and u, in the relations [9] and [10], we obtain the following 
equations ; 

$*•- Ax* + 3A0**-2(* + a6)x + (6»+ 3K l 9)z + ibz-G$s + 0A»- A A 3 = 0, [23] 
«*x*-2A*x* + 4 6i*x + 0A* , + 2(2*-3A6)*x + (4W + 3A0A) *»-6A*x + 

(86* + 3A«0A- 3A62), + 4i*-6A0« + 0AA* = 0. [24] 

The first or the secoud of these equations will be employed according as u is greater or less than 
b + x 
8 ~ * 

A second equation between x and z may be obtained by expressing tho pressure to the unit of 
surface at the |ioint B as equal to the limit R' when the reservoir is empty. The relations [9] and 
[lOJwill still be the equations of the problem. 

The value of u will thus be equal to B K, and this quautity may be obtained as a function of 
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the elute of the question by expressing the moment of tho whole weight P with respect to the point 
B ns oqunl to the sum of the momenta of tho components of this weight. 

UK x P = «’•<»- B) + 6, r x J+ (* + g). 

Whence wo deduce, substituting tho valuo of P and, for tho sako of brovity, putting b — & = o, 

_ Gai + SMi-f S^rx + rx 1 
3 (2 a + 2 b x 4- * *) 

Substituting this expression, aa well as the values of P nnd / in tho relations [9] and [10], wo 
obtain tho equations 

xj* - Ax* + 36*x + 2 (2s — \b)x + 5*r + 4*6 - 6a# — A 6* = 0, [25] 

x*x* - A:i* + 4 *»*** + (4* -8 At) ir + 44*** + (86s - 3A4*) * + 4#» — 6Ab# = 0. [20] 
Recourse w'ill be had to equation [25] or equation [26], according as x is greater or less tlmn 

b 4 - X 


The values of r and x may bo obtained by combining one of the equations [23] and [24] with 
one of the equa lions [25] and [261. 

The calculations to be worked out are long, hut they offer no aara. 

serious difficulty. Elimination is accomplished in a very simple c q 

way, for in whatever manner the equations are combined, there 
will Im> always one at least of the second degree with respect to 
one of the unknowns. Sn 

The upper portion C P 11 A. in which the inner face is vertical, « 

being determined by tho preceding considerations, the dimensions 
to be adopted for the lower portion A B, A' B', Fig. 2269, in which 
the wall has a talus upon both sides, remain to be ascertained. £§-■- ' > • 

We will suppose this portiou of the wall divided iuto a nuuib'r m.J /; ,v. 

of sections, and make A B, A'B', Fig. 2272, tho wet ion, the di- 
mensions of which arc to be determined. 

The height of this section is chosen Iteforehand ; wo will re^- ' 
present it l>y A, and take as unknowns the distances A' L = x, | \ *'•*' 

B’ H = y. The unknowns may be determined, as in the questions pi fp r ' 

we have been considering, by expressing the pressures in A' and 

B', according w tho reservoir is full or empty, aa equal to the limit R'. Tho equations of tho 
problem will still be tho relations [9] and [10]. 

3«\ P . 2 P 




in which the weight P and the quantities l = A'B',« = AE, hare to bo replaced by their values 
as functions of the data of the question. 

The calculations will be effected in tho way already pointed out. We have first 

p « , r + 6*'» + £§£ + *§£ + vs = ( - + 6 V)8 ' + ^ (I + v) - + <?* + **• . 


-(^)Y 


/ = b + x + y, 

« =A'E = jr + LK — KE, 

KE-OKx-- <* + *>■•_ ... 

r “ 3[2(» + 6V) + A(i + y)r + (2A + A')fl] 

= o + *y* 

3 [2 (* + ft A') + A’ (w + y) + (2 A + A') y if) 

The value of L K may be obtained by expressing the moment, with rrapeet to tho point A, of 
the whole weight r t which ineludee that of the water weighing upon the inclined portion D II of 
the inner aide, aa equal to tho Bum of the momenta of the components of this force. 

KL - 1 2 '3?1 + fift’A’*' + 2A'y8'(yj+ 36) j|-jI(2A + A 1 ) (y + 26)y« - 2A , »'x I 
C [2 (r + 6 A') »' + V (i + y) V + (2 A + A') y »] 

_ 12»fl + 0 6»A' + 2 A'y (y + 36) + 3(2 A + A') (y + 2 6) y * - 2 A' ** 

6 [2 (r + 6 A') + A* (x + y) + (2 A + A') y 0] 

We dedneo immediately from theso exprcaaiona the value of a. 

Sa[3(l + 6A) + A'(. + y) + (lA+A')y») + IJM + S6'A'+JA'yCy+3k)+J(lA + *Xy+16)ye-XlV.'-J«(A+A')' 

* [J (i + 6A) + »' (a + y) + (JA + »•) y#) 

Thia value must he substituted in equation [9] or equation [10], according aa w is greater or 
leas than — • 

A 
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We thus obtain one of the two following equations [28] and [29], writing for the sake of 
brevity ; 

I s 4- bh = i r, 

& h' 

»A+— -/*, [27] 

* + A' =H, 

2A + A' = H', 


2 A 

y* 4- 4 A 

zy + y + 2a 

** *f- 4 A A j 

- H'0 

+ 2H'fl 


+ 24H'S 

- 2 A' 

- 2 A' 


+ 26A‘ 
— 8 z 

2 A' A i 

y* 4- 6 A' A 

1 zy + 4 A' A 

l* + ft A A' A 1 

4- 3 IT A e 

4- C IJ' A 6 

- 2 A’ 

+ cur a « 

- 2 IT* 0* 

— 4 H' A ‘6 


— 8 II' A (T 

- 4H'A'0 

— 2 h n 

— 4 H' * 


- 8 H' <r 


y + 4 A A 
•4AA' 
4- 4<r 


x + 2 b* a 

-2H'» ^ = 0 - 
! +12* 


[28] 


■ S.* 


o. [29] 


We have now to express the pressor© to tho unit of surface at tho point B' as equal to the 
limit R', when the reservoir is empty. 

The value of u is thus csjual to B'K' s y + H K', and tho value of H K is found by stating 
the moment of tho whole weight with respect to the point B as equal to the sum of the moments 
of the components of this weight with respect to the same point. 

Tho pressure of the water no longer existing, the value of P is 


P = 


2(a + 6V>r + A(x + y>r _ (2 <r + A'x 4- A'y)8' 


. , . . 2 A'y* + 3A'xy + A'x* 4- Gay 4- 36A'x 4* . , A* A' , 

And wo find ti = y - . ,T « , — — making a « 4- -y = ». 

3 (A y 4* A x + 2 a) ’ 2 

This value of u, substituted in tho relations [9] and [10], gives tho two following equations 
[30] And [31]; 


A,’ + 2A 
-A' 

zy + A 
-A' 

i> + 24a 
-2AA' 

+ 2«- 

y 4- 28 a 
+ bh' 

— 4 <r 

|* + A»* 1 

1 +6/ =0. 
; -4.6 ) 

[30] 

2 A’ A I 

-A’ 

v' + 3 A' A ; 
— 2 A** | 

x y + A’ A I 

-V* I 

x* 4- 0 A <r 
- 4 A' c i 

|v + 3AA'a|x + 6**'A\ n 
4AV | — 4 <r* /- U - 

[31] 


Equation [30] or equation [31] will be required, according as u is greater or less than 


The values of x and y will be obtained by combining one of the equations [28] and [29] with 
one of the equations [SO] and [31]. These equations being of the second degree in x and y, there 
will be no difficulty in the matter of elimination, the rather complicated coefficients of the different 
terms being, in each particular case, replaced by numbers. 

The choice of the equation, adapted to the question, may give occasion for tentative experiments 

as wo have already explained, tho value of the relation of u to ^ which serves to determine this 

o 


choice being a function of the unknowns. It will bo necessary to make some hypotheses on the 
value of this relation, and having solved the equations chosen, to verify the suppositions; if 
this verification be unsatisfactory, the equations must be chosen by the aid of the values of the 

relation of u to — , calculated with the values found for x and y, which will be sufficiently near to 


enable us to foltaw out the indications given by this relation. 

The first section A B m' a' of the lower portion A B, A' B\ of the profile. Fig. 22C9, being deter- 
mined, the dimensions of the second section in n A B' may bo calculated in the same manner with 
the equations just found by modifying them as follows ; — 

$ o representing in the calculations the total weight of the portion of the barrage situate abovo 
the section considered, we must take into account the weight of the column of water which presses 
upon the face B' m', a weight equal to s" 8 if we represent by s" the vertical section c’ c B m of 

this column ; in the case under consideration we have *" = 4 - - ^ y„ denoting by y, tho valuo 

of m' m" from y which has been determined. 

The weight of that |>ortioii of the barrage situate above the section considered will thus bo 
s' 8 ' 4- »" 8 , *' representing the surface c B m' n’ A D. 

This quantity must be substituted for s S' in the equations [28], [29], [301, and [31], by making 
t V - s' a 4 - s" 8 . whence s = s' + s" 0. 


But the modifications to be introduced into the formulas will not end here ; the moment of tho 
weight 5 8' with respect to the point n' will be changed : we must take into account the moment of 
the weight *"8 of the water. Denoting by 0' the distance from the centre of gravity of the surface 
s" to the point n\ we may stato s f 0 = s' S' 0 4- 1 " 8 0, or *^ = *'^4- s" 0 0. 

Substituting in the formulas [28], [29], [30], and [31], for * and s0 tho values so determined, 
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these formulas beconio perfectly applicable to the determination of the dimensions of the section 
Aw’ n‘ B, end in general to the calculation of any section, knowing the preceding ones. 

Determination by on Approrinut ( i re Method of the Profile of F.qwd Jtetfatanic *. — The profile to ho 
adopted in practice consists, as we have seen, of threeportions. The first G 1) B A, Fig. 2268, has a 
vertical face on each side ; the second ABMN offers a vortical face on the side of the water 
and an inclined face on the outside, and the third MN8T lias an inclined face on each side. 

We have wen how the portion CDBA is determined. Below the horizontal piano B A we 
will suppose the barrage divided into sections of equal height, and the question is to calculate for 
each wet ion the projections, such as A' A", N n, n hi", of the dements of the face upon the lower 
horizontal plane which serves as its base. 

Let us we, in the first place, how any section A B, c'A', of the portion DAMN may bo deter- 
mined. The height of this section is known, we will represent it bjr A'. 

The problem will be solved at once by referring to the determination of the part MNBAof 
Fig. 2269 developed above. 

We have merely to substitute in the equations [23] and [24] A' for the unknown height x, and 
we thus obtain the following equations ; — 

Ax* -f 2 (Afi + 0 * -f A A 3 + 6 - 4 b 9 - 9 H * r= 0, [32] 

(2 A A' — A' 1 ) x*4-2<t(3a — 2A r )x + 6/*A — 4s 1 — 0 A II s = 0. [33] 

Making, as before [34] t 

' a -f AA' = <r, 

6* A' 

+ = * 

A + A' = H. 

• These equations might bo obtained directly by the method given for equations [23] and [24], 
The first or the second will lie employed according as « is greater or less than * 

The preceding fonnulm will serve to calculate successively nil the sections of the portion 
B A M N of the profile. Fig. 2268. Having determined each of them, it will be necessary to ascer- 
tain if the pressure in the points c', M, of the inner factug is below the limit R' ; when this limit 

is exceeded, a talus must bo given to both facings, and we pass on to determine the last portion 

M N 8 T of the profile. 

This problem baa been solved above in determining tho lower 22 ?i 

part of tlio profile of Fig. 2272. The formuhe to be employed 
are the equations [281 [29], [30], and [31]. 

M. do Sazilly, in his considerations, published in 18f>3 iu the 
‘Annalea des Ponts et Chausaeea,’ on the walls of reservoirs, adopted 
a profile differing slightly from that of Fig. 2268. for the calcula- 
tion of a wall the form of which should deviate but little from 
that of equal resistance. This engineer, instead of supposing the 
faces of tho wall formed of successive inclined surfaces, assumed 
that they ought to be composed of a system of vertical facings of 
inconsiderable height, separated by greilationa or retreats, as 
shown in Fig. 2273. 

The profile is calculated for tho condition that the pressnre 
exerted upon eaeh of the inner angles of the outer facing, when 
the reservoir is full, shall be equal to the limit R', and that this limit shall be reached upon the 
inner angles of the inside facing when the reservoir is empty. 

The upper portion C D B A of the profile is determined in exactly the same way as in Fig. 2268. 
The breadth of tho summit a and the height A D = x, are connected according to the case by one 
of tho equations [14] and [15]. 

fljc J 4-o*x-a*A = 0, [14] 0Ax* + 4«*x — 3Aa* = 0. [IS] 

To put these equations in the form of those given by M. Sazilly, they mnst be solved with respect 
to fi ; we thus obtain the formula? [35] and [36], which, with the difference of notation, are pre- 
cisely those given in p. 244 of Green’s paper, ‘ Annales des Fonts et Chauascoa/ 1866. 




o 


I v / * A 

3 A — 4 x 


[36] 


Tho graduations of tho second portion A B M N of the barrage may be calculated in the manner 
described for the corresponding part A B M N of Fig. 2268. We thus get the following 
equations ; — 

(A - A') (A + x)* + 2 (it — A A*) (A + x) — 0 H 1 + 6 /* — 6 A it + 3 A* A' = 0, 

A* (3 A - 4 A') x* + 2 (T (3 a - 4 A')x - 4<r* + 6p A - 0H* A = 0, 

Solving these equations, we arrive at the following formul® ; — 


r-M\ -\/ /v —b VV + 


tt-hK "V /» —bh'V 
X-A’ + [ X-A / 


+ : 


[87] 


t v^/ I »Y 4 «*-x(8m — »H*) 
A' + [a7 + A’(3X-4A') 


[38] 
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The first or aeoond of these will be employed according as 


M 


M + <f* + 


h'j* 

2 


cr + A'x 


9 H» 

— < « > J e + 


o- 


The third portion M N 8 T of the profile may be determined by the methods employed above 
for Fig. 2268. The following equations must be substituted for those [28, 28, 30, 31] relative to 
this latter profile. 


A 

— he 
-V 

y* + 2 A x y + A 

+ 2 he — A* 

-2 A' 

x*+ 26 a 
+ 2 6 a 0 

+ 24 A* 

— 4 a 

y + 26\ 
-46V 
+ 2 <r 

1 

x + 6 ' A 

— 46c 1 

- H*fl 1 

+ g m ! 

= 0 . 

[39] 

3 A’ A 
+ 8 A a e 

- 4 a* e : 

- 8 A A* e 
-4 A'* 

y* + 6 A* A x y 4 - 3 A'a 
+ 6 A K 0 —4 A'* 
-Shh '0 
— 4 A'* 

x* + 66 A'a 
+ 6 b A A 9 
-Shea 
— 8 A' a 

1 y -4- 6 A 0 
— 8 A* <r 

i r + 6 A p ] 

- H*A« 

! - 4 0 * j 

! = 0. 

1 

[40] 

A 

— A' 

I y* + 2A ! xy + A 
-2 A' -A* 

x* + 2 a 
+ 26 a 
-4 6 A* 

y + 2 6 A 
- 4 <r 
+ 26 A’ 

-c + A 6 * | 

+ 6 ,/ 
-46<r ) 

= 0 . 

[«] 

3 A' A 
-4 A* 

y a + 6 A* A x y + 3 A' A 
- 8 A ,# — 4 A* 

X* + CAff 
— 8A'c 

y + 6 6 A' A 
| - 8 A'c 

1 J- + GA,. 1 
i -4 o' j 

. = 0 . 

[42] 


These equations must Ixj employed in the same way ns those relative to Fig. 2268. 

Condition* of Stability with respnt to Slipping . — Having calculated the profile or a barrage in aeconl- 
anee with the preceding consideration*. it will In? necessary to ascertain if its dimensions are such 
os to hinder the wall from slipping horizontally upon one of its courses or upon its foundation. 

Denoting by H the distance of a course below the top. the force which tends to make this course 
slide upon its bed is equal to the horizontal component of the thrust of the water against that 
portion of the inner facing which is situate aliove this course, and it is given by the equation 


The resistances to the action of this force are friction and the. cohesion of the masonry. The 
friction is proportional to the weight of the upper portion of the structure, and the force of cohesion 
to tho thickness of the wall. 

Representing the coefficient of friction by /, the force of cohesion to the unit of surface by 7 , 
the surface of that portion of the profile situate above the course considered by *, and the thickness 
of the wall at this point by 6 , the resistance R to slipping will be B = s5'/ + 76 , and we 
must have 


*Vf +yb> 


8 H 2 




[43] 


This iueqnality must bo verified for all the horizontal sections of the profile. It must also lie 
verified for the Iwwe of the foundations; f and 7 then representing the coefficients relative to tho 
soil upon which tho structure stands. 


It will l»e prudent in practice, for greater Bafety, not only to make the quantity - 


V > r ' > 


8 IP 


greater than unity, but equal to the value found for existing reservoirs which havo not yielded in 
any degree. We will consider later the application of formula [13]. 

Having determined by the aid of the preceding formulai tho dimensions of the profile and 
proved the conditions of stability with respect to slipping lietwoen the courses to be satisfactory, 
we have now to ascertain if the soil of the foundation is capable of supporting the limit of pressure 
adopted for the masonry, and if tho wall is not liable to slip upon the soil which support* it. The 
precautions to be taken in these eases are to render the soil of the foundations more solid by pro- 
cesses usually employed in important works and to diminish the pressure upon the soil by widening 
the base of tho profile. 

Aims or Barrages suitable to Narrow Valleys . — Barrages constructed in the form of an vtrcA. — 
Hitherto we have not considered tho length of the luarragcs whose dimensions we have deter- 
mined ; the profiles calculated Bre such that any length of the structure resists by its own weight 
only the action of tho forces to which it is subject. In the case in which the valleys to Iks barred 
are? narrow and formed of a resisting soil it is possible, by giving the barrages the form of an 
arch, to transmit the thrust horizontally to the sides of the valley, and wo havo to see if, in certain 
cases, this arrangement will enable us to reduce the dimensions of the profile. 

It iB easy to ascertain the influence of the arrangement by which the thrust is transmitted 
laterally to the side* of the valley. Take Fig. 2256 as an example. This profile is subject t«* the 
action of two forces, tho weight I’ and the thrust F. In the case in which the wall is rectilineal 
or indefinite, these two forces combine to produce a resultant R, and to ensure the stability of the 
structure tho point K, where this resultant meets the foundation, must be within the base A 11, 


[End or Volcmb 1.] 
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